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SOLID PHASE LIPOGLYCOPEPTIDE LIBRARY, 
COMPOSITIONS AMD METHODS 

1. Field Of The Invention 

The present invention relates to the field of 
combinatorial library synthesis and drug discovery. In 
particular, the present invention relates to the 
synthesis of substances and compositions that mimic 
inhibitors of bacterial peptidoglycan synthesis. The 
substances and compositions of the invention are useful 
as potential drug candidates for the treatment of 
infectious disease, e.g., antibiotics. 

2. Backgrotmd Of The Invention 

The biosynthesis of bacterial peptidoglycan is 
thought to proceed by a complex multi-step process. An 
early step in the biosynthetic process involves the 
synthesis of a lipid- linked disaccharide -peptide 
monomer unit. These monomer units are then linked 
together into a growing peptidoglycan chain by an 
enzyme exhibiting a transglycosylase activity. 
Subsequently, it is believed that the pendant 
pent apept ides of the peptidoglycan chain are 
crosslinked by the same or a separate enzyme exhibiting 
a transpeptidase activity. The transpeptidase reaction 
is inhibited by /S- lactam antibiotics, such as 
penicillins or cephalosporins. See, e.g., Matsuhashi, 
M., in Bacterial Cell Wall, J.-M Ghuysen and R. 
Hakenbeck (Eds.), Elsevier Science B.V. (1994) pp. 55- 
71. 

The structure of the naturally occurring lipid- 
linked glycopeptide intermediate is known. This 
intermediate consists of an N-acetylmuramic acid whose 
reducing end is linked to a pyrophosphoundecaprenyl 
group and to the D-lactyl group of which is attached a 
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pentapeptide, L-Ala-D-Glu-- (Aapm/Lys) -D-Ala-D-Ala. A^ptn 
stands for diaminopimelic acid. The intermediate may 
be represented by the formula UDP-MurNAc-pentapeptide. 
This intermediate is then transformed into the above- 
mentioned lipid- linked disaccharide-peptido monomer 
unit by a glycosyltransferase-mediated addition of an 
N-acetylglucosamine to the N-acetylmuramic acid. See, 
e.g., Van Heijenoort, J., in Bacterial Cell Wall, J.-M 
Ghuysen and R. Hakenbeck (Eds.), Elsevier Science B.V. 
(1994) pp. 39-54. 

The synthesis of some compounds designed to 
inhibit bacterial call wall transglycosylation has been 
described. See, e.g., Hecker, S. J. et al . , "Synthesis 
of Compounds Designed to Inhibit Bacterial Cell Wall 
Transglycosylation" J. Org, Chem. (1990) 55:4904-4911. 
No active conpounds were ever described, however. 
Furthermore, the proposed conqpounds of Hecker et al. 
have not exhibited any remarkcQ^le activity. 

The emergence of multiple drug resistant bacteria, 
in particular, vancomycin- resistant enterococci and 
methicillin resistant staphylococci, has prompted 
renewed searches for novel antiinf ective agents. The 
majority of ''cell wall" inhibitors in current use 
inhibit the latter stages of peptidoglycan 
biosynthesis, that is, transglycosylation or 
transpeptidation. Hence, most drug resisteuit bacteria 
have developed a resistance to these antibiotics. 

The inhibition of the N-acetylglucosaminyl 
transferase that is encoded by the murG gene and which 
is involved in the biosynthesis of the lipid- linked 
disaccharide-peptido monomer unit is a promising 
candidate, thus. Bacterial xnurG has been cloned and 
its DNA sequence determined. Recombinant murG gene 
product is also known. It is further suspected that 
the N-terminal half of the gene product is responsible 
for binding of lipid intermediate. That portion of the 
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enzyme, which catalyzes the transferase activity, has 
yet to be determined, however. 

Flavophospholipol is a known antibiotic produced 
by a group of grey-green Streptomyces, which disrupts 
the biosynthesis of peptidoglycans by inhibiting 
glycosyltransf erase. It is used, mainly in cattle, as 
a performance enhancer, i.e., it improves the fattening 
capacity of cattle feed. Flavophospholipol exhibits a 
fairly broad spectrum of activity against gram-positive 
and gram- negative bacteria, but mostly against gram- 
positive microbes. However, both gram-positive and 
gram-negative organisms are known to carry 
extrachromosomally derived resistance to antibiotics. 
Indeed, the occurrence of bacteria in mammals, which 
are resistant to such antibiotics as penicillin, 
tetracycline, chloramphenicol and erythromycin, is 
quite high. Thus, the evolution of microbes bearing 
resistance to existing antibiotics, including 
flavophospholipol, is virtually assured. 

Consequently, the design and discovery of novel 
antiinf ective agents, including antibiotics, is a 
constant, challenging and important endeavor. 
Techniques, which enhance the production and 
identification of drug or nutritional candidates, are 
always being sought. Such demands continue to evolve 
largely unfulfilled. 

3. Summary Of The Invention 

Accordingly, the present invention seeks to 
satisfy the need for new antiinf ective agents, as well 
as the techniques for their synthesis and discovery, by 
providing a combinatorial approach to the preparation 
of a library of distinct substances having a 
predetermined general formula. In particular, the 
present invention provides a solid phase technique that 
allows for the synthesis of a large multitude of 
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substances and compositions each representing a 
potential drug or nutritional candidate. 

An important objective of the present invention is 
the production of a solid phase lipoglycopeptide 
library comprising a plurality of distinct substances 
of the formula 




in which the group R comprises a solid support, the 
group P comprises one or more amino acids, peptides, or 
polypeptides, the group S comprises one or more sugars 
and the group L comprises one or more lipids. 

It is also an object of the invention to provide a 
method of preparing a solid phase lipoglycopeptide 
library having a plurality of distinct substances of 
the formula 




comprising: (a) providing one or more groups R, P and 
FGi of the formula 




in which R comprises a solid support to which is bound 
the group P comprising one or more amino acids, 
peptides, or polypeptides, at least one member of the 
group P bearing the first functional group FGj capable 
of participating in a bond-forming reaction; (b) 
providing one or more groups S, L and FGj of the 
formula 
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in which S comprises one or more sugars to at least one 
of which is bound a group L comprising one or more 
lipids, at least one sugar of the group S bearing the 
second functional group FG2 capable of participating in 
the bond- forming reaction; (c) combining the one or 
more groups R, P and FG^ and the one or more groups S, 
L and FGj such that the bond- forming reaction takes 
place to form a bond between that member of the group 
P, which bore the first functional group PGi, to that 
sugar of the group S, which bore the second functional 
group FG2- 

Alternative methods are also contemplated 
herewith. In a specific embodiment, a solid phase 
lipoglycopeptide library having a plurality of distinct 
substances of the formula 




is prepared by the steps comprising: (a) providing one 
or more groups R, P and FG^ of the formula 




in which R comprises a solid support to which is bound 
the group P comprising one or more amino acids, 
peptides, or polypeptides, at least one member of the 
group P bearing the first functional group FG^ capable 
of participating in an initial bond- forming reaction; 
(b) providing one or more groups S, FGj and FG3 of the 
formula 
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PG2 




FO3 



in which S comprises one or more sugars, at least one 
sugar of the group S bearing the second functional 
group FGj capable of participating in the initial bond- 
forming reaction and the same or another sugar of the 
group S bearing the third functional group FG3 capable 
of participating in a subsequent bond-forming reaction; 
(c) combining the one or more groups R, P and FGi and 
the one or more groups S, FG2 and FG3 such that the 
initial bond- forming reaction takes place to form a 
bond between that member of the group P, which bore the 
first functional group FGi, to that sugar of the group 
S, which bore the second functional group PGj to 
provide one or more initial bond- forming reaction 
products; (d) providing one or more groups L and FG4 of 
the formula 



in which the group L conprises one or more lipids, at 
least one lipid of the group L bearing the fourth 
functional group FG^ capable of participating in the 
subsequent bond-forming reaction; (e) combining the one 
or more initial bond- forming reaction products and the 
one or more groups L and FG4 such that the subsequent 
bond-forming reaction takes place to form a bond 
between that member of the group S, which bore the 
third functional group FGj, to that lipid of the group 
L, which bore the fourth functional group FG^. 
Yet another objective of the present invention relates 
to selected compositions of the formula 
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which is obtained from a substance of the formula 




by cleaving the group P from the group R, in which the 
group R comprises a solid support, the group P 
comprises one or more amino acids, peptides, or 
polypeptides, the group S comprises one or more sugars 
and the group L comprises one or more lipids. 
Moreover, synthetic compositions of the above- indicated 
formula, P-S-L, especially those prepared by 
combinatorial methods are also contemplated. 

Other objects of the present invention will be 
apparent to those of ordinary skill in consideration of 
the disclosure provided herewith. 

4. Brief Description Of The Drawings 

Fig. 1 shows a diagram of the general 
combinatorial approach for the conjugation of sugar- 
containing units to solid support -bound peptides. Each 
unique combination, after cleavage from the solid 
support, is then placed in a particular well. 

Fig. 2 illustrates the sequence of steps making up 
a parallel synthetic approach in which a sugar group S 
to which is bound a lipid group L is coupled to a solid 
support-bound peptide. Conjugation is followed by the 
removal of protecting groups and cleavage of the 
resulting lipoglycopeptide from the solid support. 
Alternatively, the groups S and L can be coupled to the 
solid support -boiind peptide sequentially. 

Fig. 3 shows the structures of preferred coupling 
agents that facilitate the condensation reaction 
involving functional groups of the members of P, S and 
L. 
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Fig. 4 provides an illustration of some of the 
sugar group disaccharide building blocks used in a 
particular library embodiment of the invention. 

Fig. 5, Fig. 5a and Fig. 5b provides illustrations 
of some of the lipid and peptide building blocks 
favored in a particular embodiment of the invention. 

Fig. 6 outlines the steps in the coupling, 
deprotection and cleavage of a particular R-P and S-L 
couple. 

Fig. 7 is a schematic of a high throughput 
screening method designed to reveal active members of 
the library produced by the combinatorial approach of 
the present invention. Other assays can also be used, 
however. In particular, a probe can be constructed 
using the binding region of the active site of 
glycosyltransf erase. The probe can then be used to 
screen and detect lipoglycopeptides having an affinity 
for the enzyme even while the potential ligands are 
still bound to the solid support. 

Fig. 8 outlines the steps of a more preferred 
method of coupling a S-L group to a P-R group using one 
of the four coupling agents, e.g., EEDQ, HATU, HBTU, or 
PyBOP. The deprotection and cleavage steps are also 
shown. 

5. Detailed Deacription Of The Preferred Embodiments 

Consistent with the objectives of the invention, 
the present methods contemplate a combinatorial 
approach to the synthesis of a wide variety of 
potential ant i infective, nutritional and/or performance 
enhancing agents. In a specific embodiment of the 
invention, a parallel synthetic approach is 
illustrated. However, the present methods are 
applicable equally to other techniques, such as the 
**mix and split" approach. Indeed, after design and/or 
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selection of the desired constituents (i.e., the 
**building blocks") of the distinct substances, which 
are bound to the solid phase, an automated manner of 
combining the various ingredients can be readily 
appreciated in which a particular compartment of, for 
example, a planar solid surface can be assigned to a 
particular combination of molecular components. 

On screening the unique library can present 
numerous opportunities to uncover a potent drug, 
performance enhancing, or nutritional component. 

An important objective of the present invention is 
the production of a solid phase lipoglycopeptide 
library comprising a plurality of distinct substances 
of the formula, R-P-S-L, as defined earlier. In the 
library of the invention, more than one copy of each 
distinct substance may be present. Hence, multiple 
» hits may be observed on screening of the library. 

Suitable solid supports include most synthetic 
polymer resins, preferably in the form of sheets, 
beads, or resins, such as polystyrene, polyolefins, 
polymethyl methacrylates and the like, derivatives 
thereof and copolymers thereof . Polymers having 
varying degrees of crosslinking are also useful. A 
preferred solid support is a Merrifield resin, which is 
a 1% divinylbenzene copolymer of polystyrene. 
Generally, suitable polymer supports are insoluble in 
most organic solvents but swellable in some. Still 
other solid supports may be coniprised of glass, 
ceramic, or metallic substances and their surfaces. 

It is important, of course, that any solid support 
contain functional groups that can participate in 
clndensation reactions, so that the molecular residues 
of choice may be bound or attached to the surface of 
the solid support. Such functional groups will 
generally involve halides, unsaturated groups, 
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carboxylic acids, hydroxyls, amines, esters, thiols, 
siloxy, aza, oxo and the like. 

To facilitate coupling and later release of the 
solid phase synthesized lipoglycopeptide, linker groups 
may be used. Such linkers are well known in the art 
and may include, but are not limited to, polyamino, 
polycarboxylic, polyester, polyhalo, polyhydroxy, 
polyunsaturated groups, or combinations thereof. 

The linker is preferably labile under a given set 
of conditions that do not adversely affect the 
compounds attached to the library or the reagents used 
in their preparation or manipulation. More preferably, 
the linker is acid labile or is photolabile. Desirable 
linkers include a halotrityl moiety (e.g., a 
chlorotrityl moiety) linking at least one member of the 
group P to the solid support or an alpha-halo (e.g., 
bromo^ alpha -methylphenacyl moiety. Linkers, of 
course, may be used to covalently bind the various 
members of one group to each other or to members of 
other groups present in a given library. 

Typically, covalent attachment may utilize 
functional groups comprising one or more amine, ether, 
thioether, ester, thioester, amide, acet amide, 
phosphate, phosphonate, phosphinate, or sulfate bonds. 
Because the library contains sugar moieties, the 
presence of one or more glycosidic bonds is expected, 
though not required. In a particular library of the 
invention at least one member of each group of the 
formula is covalently attached to at least one member 
of an adjacent group. Preferably, the same sugar of 
the group S is covalently attached to at least one 
member of the group P and to at least one member of the 
group L. Furthermore, the covalent bond attaching the 
lipid member of the group L to a sugar member of the 
group S may comprise a glycosidic ether bond, 
phosphate, pyrophosphate, phosphinyl, phosphanyl, 
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phosphonate , phosphonyl , phosphono , phosphino , 
phosphanoacetate, phosphonyl formate, phosphoramidyl 
phosphorothioate , phosphonyl sulfonate , 
phonphonyl sulfonate bond, or the like. Examples of 
some glycosidic bonds are shown on Figure 5b. Still, 
it may also be desirable to have at least one sugar of 
the group S to be covalently attached to a lipid of the 
group L through an anomeric alpha-hydroxy acetamide 
bond. More particularly, at least one sugar of the 
group S is covalently attached to a member of the group 
P through a C-3 hydroxy alpha-acetamido or alpha- 
propionamido moiety. 

Any combination of amino acid residues can be used 
in the present library and its method of preparation. 
In certain situations the amino acid, peptide, or 
polypeptide of the group P may be comprised exclusively 
or predomin^intly of hydrophilic amino acid residues, 
however. It is also possible that the members of the 
group P comprise exclusively or predominantly of 
hydrophobic amino acid residues. Various combinations 
of amino acids, peptides and polypeptides, including 
both stereoisomers, analogs, or homologs thereof are 
provided in Fig. 5, 

The group S may comprise one or more 
monosaccharides, di saccharides, or polysaccharides, as 
illustrated in the exemplary sugar group of Fig. 4. In 
particular, a monosaccharide of the invention may be a 
hexose, pentose, deoxy analog thereof, dideoxy analog 
thereof, azido- substituted analog thereof, or amino- 
substituted analog thereof. Also, a disaccharide or 
polysaccharide of the invention may include hexoses, 
pentoses, deoxy analogs thereof, dideoxy analogs 
thereof, azido-substituted analogs thereof, amino- 
substituted analogs thereof, or combinations thereof. 

The various potential covalent linkages among 
sugars are permissible under the present invention. 
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Thus, alpha or beta stereochemical configurations may 
be present, as are cis-1,2 or trans- 1,2 arrangements. 
The bonds between the sugars may be (1,6), (1,3), (1,4) 
and the like, including the possible stereochemical 
conf igurat ions . 

A whole host of different lipids may be used in 
the present invention. Such lipids may be simple or 
quite complex. The lipid may be saturated, 
unsaturated, or polyunsaturated. It may be linear, 
branched or cyclic. It may be made up exclusively or 
partially of aliphatic group comprising 2-60 carbon 
atoms, preferably 5-55, more preferably 10-40, most 
preferably 15-30. Simple fatty acid chains may be 
useful, as are cholesterol -inspired structures. 
Further, the lipids may be branched or unbranched alkyl 
or alkenyl (optionally substituted by one or more lower 
alkoxy, lower acyloxy, halogen, or aryl) ; branched or 
unbranched acyl (optionally substituted by one or more 
lower alkoxy, lower acyloxy, halogen, or aryl) ; lower 
alkoxycarbonyl , optionally substituted by one or more 
lower alkenyl, lower alkoxy, lower acyloxy, halogen, 
aryl, or 9-fluorenyl; or 

silicon, substituted by one or more lower alkyl, lower 
alkoxy, or aryl. Moreover, simple or complex aromatic 
or heteroaromatic structures may also be useful. 
Examples of aromatic structures include, but are not 
limited to, aromatic carboxylic acids such as, 
subsituted or unsubtituted hydroxypheny lace tic acid, 
hydroxyphenylpropr ionic acid, methylbenzylate, 
hydroxynaphthoic acid, hydroxy- biphenylcoaboxylic acid, 
hydroxy- fluorenecarboxylic acid, hydroxybenzamide; 
'•iteroaromatic structures such as, substituted or 
unsubstituted hydroxybenzof uran , hydroxyquinoline, 
thiophencarboxylic acid, hydroxythianaphthenecarboxylic 
acid and the like. Examples of some aromatic lipids 
are shown in Figure 5a. 
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An important aspect of the invention is the method 
by which the solid phase lipoglycopeptide library is 
prepared. The method includes providing one or more 
groups R, P and FGj of the formula, R-P-FG^, as defined 
above. This material is allowed to react with a second 
unit having the formula, FGj-S-L, also as defined 
above, such that the bond- forming reaction takes place 
to form a bond between that member of the group P, 
which bore the first functional group FGi, to that 
sugar of the group S, which bore the second functional 
group FGj. 

In specific embodiments of the invention, as 
described in greater detail in the Examples Section of 
the disclosure, the resin is first soaked with an 
organic solvent that swells the resin prior to the 
combination step. If the functional group FG^ of the 
resin-bound component is protected, it is understood 
that the protecting group, such as 
f luorenylmethyloxycarbonyl (Fmoc) , must first be 
removed. Thus, the method may entail the removal of 
any protecting groups present on groups P, S, or L. 

The combination step in which the respective 
functional groups are allowed to react will preferably 
be facilitated by the addition of activating or 
coupling agents, which are well known to those of 
ordinary skill. Such agents assist in the formation of 
a bond between, e.g., a carboxylic acid and an amine 
group . 

After the desired condensation reactions have been 
carried out, the resulting solid support -bound library 
of lipoglycopeptides can then be released from the 
solid support or screened while still solid support 
bound. Thus, it is specifically contemplated that the 
resulting lipoglycopeptide library be screened for one 
or more active substances using one or more probes, 
receptors, affinity binders, enzymes or whole cells. 
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If the compounds are to be released from the solid 
support, the group P is cleaved from the group R to 
provide the structural unit P-S-L, which is then 
recovered • 

In one of the methods described above, one or more 
groups S, L and FGj are combined with the one or more 
groups R, P and FG^ at room tenperature in a solvent in 
the presence of an activating agent. The functional 
group FG2 may comprise a pentaf luorophenyl ester or 
simply a free carboxylic acid, especially when allowed 
to react with an amino group in the presence of an 
activating agent, such as EEDQ, HATU, HBTU, PyBOP, or 
the like. The various fvinctional groups may be located 
anywhere in the molecular unit, including the ends or 
on the side chain, especially of a member of the group 
P. 

While some naturally occurring 'entities of the 
general formula P-S-L are known, the present invention 
also contemplates novel combinations of the different 
elements of the general formula. And even with those 
known compounds, those that are prepared by a solid 
phase method or by the cleavage of the bond between the 
groups R and P, as defined herein, are considered to be 
a part of the invention. Hence, specific synthetic 
versions of cotr^unds of the general formula are 
contemplated. A combinatorial approach to synthesis is 
the preferred route. 

Of note, certain compounds of the general formula 
may differ from natural counterparts in the number of 
amino acid residues present in the group P. Preferred 
compounds comprises two or more amino acids in 
sequence, more preferably, four or more, most 
preferably six or more. The group P may further 
comprise one or more peptides or polypeptides, which 
may be joined in sequence or separated by non-peptide 
moieties, including linker groups. 
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Still other polypeptide components may possess 
three or more amino acids in sequence or two or more 
sugars, preferably three or more sugars. 

As stated elsewhere, the lipid portion of the 
compounds of the instant library can vary widely in 
structure. Typically, however, the lipid group will 
comprise 4-60 carbon atoms, preferably S-50 and more 
preferably 10-30. 

Further, the various structural units, which can 
be prepared by the present methods, may or may not 
correspond with the structure of a naturally occurring 
lipid linked glycopeptide intermediate. In certain 
cases, it may be of benefit that the group L, if 
comprising a single lipid, does not include an 
undecaprenyl group. 

Thus, the present invention contemplates compounds 
of the general formula (I) : * 




(XlGl)m 

(X2G2)n 



(X3p1)q 
{X*»-1)u 



(I) 

in which 

comprises a lipid group; 

comprises one or more amino acids, peptides or 
polypeptides; 

G\ G\ G*, or G* can each independently be a 
substituted or unsubstituted, branched or unbranched 
alkyl, alkoxy, alkenyl, C1-C8 acyl, acetyl. 
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alkoxycarbonyl , hydroxyalkyl, carboxyalkyl group or a 
substituted or unsubstituted aromatic or heteroaromatic 
group, or hydrogen; 

X\ X^, X^, X* or X*' can each independently be a 
functional group comprising an oxyalkyl, amine, ether, 
thioether, ester, thioester, amide, acyl, acetamido, 
phosphate, phosphinate, pyrophosphate, sulfate, azido, 
hydroxy group or hydrogen, provided that if the 
functional group is azido, hydroxy, or hydrogen the 
attached G group is not present; 

X^ or X* can each independently be a functional 
group comprising an amine, ether, thioether, ester, 
thioester, amide, acetamide, phosphate, phosphinate, 
pyrophosphate, sulfate group; 

y is 0, 1, 2, or 3; 

m, n, V, w, or z can independently be 0, 1, 2, or 
3; • 

q or u can independently be 1, 2, or 3 provided 
that the sum of q and u is not greater than 5, provided 
that such compounds do not include: 2-N-Acetyl-l-a-O- 
allyl-4 , 6-0~isopropylidenemuramyl-L-alanyl-D-glutamine 
benzylester; (2R) -Benzyl 2- [N- (2' -N-Acetyl«l' 
allyl-4' , 6' -0-acetylmuramyl-L-alanyl)amino] -4- 
cyanobutanoate ; (2R) Benzyl 2-N-Acetyl-l' -a-o-allyl- 
4 , 6-0-isopropylidenemuramyl-L-alanyl) amino] -4- 
cyanobutanoate; (2R,2' 'R) -Benzyl 2- {N- [2' -N-Acetyl-1' - 
o-O- [ (N,N-diisopropylamino) (butoxy)phosphinyll -4 ' , 6' - 
di - O- acetylmuramyl -L- alanyl ] amino] - 4 -cyanobutanoate ; 
(2R,2"R) -Benzyl 2- [N- [2' -N-Acetyl-1' -a-0- [ [2" - 
carbobenzoxy-2' ' - 

(pentyloxy)ethoxy] (ben2yloxy)phosphoryl] -4' ,6'-di-0- 
acetylmuramyl -L-alanyl] amino] -4 -cyanobutanoate; (2R, 
2"R) -2- [N- [2' -N-Acetyl-1' -a-0- [ [2" -carboxy-2' ' - 
(pentyloxy ) ethoxy] hydroxyphosphoryl ] muramyl -L- alanyl J - 
amino] -4 -cyanobutanoate; or the natural siibstrate for 
either the transglycosylase activity of penicillin 
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binding proteins or the N-acetylglucosaminyl 
transferase activity of the murG gene product . 

In particular, the compound of formula (I) 
comprises lipoglycopeptides in which groups X*G\ X*G', 
X*G^, or X^G* can be a hydroxyl, HOCHjCHj-i acetamide, 
phthalimido, benzoyl, alkoxybenzoyl , 
alkoxycarbonylalkyl, carboxyalkyl , pivaloyl group or 
any substituents commonly found on carbohydrates. The 
X*G^ or X'G' groups are preferably located on position 2 
or 5 of the ring, group X^P* preferably located on 
position 3, and group X*L^ preferably located on 
position 1 of the ring. The compound of formula (I) 
further comprises one or more peptides or polypeptides, 
and one or more lipids. Perferably each peptide or 
polypeptide comprises three or more amino acids in 
sequence and each lipid comprises one or more 
saturated, unsaturated, or polyunsaturated linear, 
branched or cyclic aliphatic group comprising 2-60 
carbon atoms, or one or more substituted or 
unsubstituted aromatic or heteroaromatic groups. The 
lipid and sugar can be linked via covalent attachment 
of X* including a glycosidic ether bond, phosphate, 
pyrophosphate , phosphinyl , phosphanyl , phosphonate , 
phosphonyl, phosphono, phosphino, phosphanoacetate , 
phosphonyl formate, phosphoramidyl phosphorothioate, 
phosphonylsulfonate, or phonphonyl sulfonate bond. 

The present invention is further illustrated by 
the following specific examples. These examples should 
not be construed as limiting the invention in any way, 
as they are not required to practice the invention, 
which has already been described adequately above. 

6. Examples - Preparation Of Sugar, Lipid and Sugar- 
Lipid Building Blocks 

Allyl 2-Acetai&ido-2-deoxy>D-glucopyranoside (2) 
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A suspension of acetamido-2-deoxy-D-glucose (1) 
{22,1 g, 0.1 mole) in dry allyl alcohol (400 mL) 
containing boron-trif luoride etherate {2 mL) is heated 
xinder reflux for 2 h. The clear solution is cooled, 
kept overnight at room temp, and evaporated to afford 
the title compound {oc:^ ratio 4:1), as a crystalline 
mass. TLC (ethyl acetate, isopropyl alcohol, water 
9:4:2) Rf 0,5.. NMR (300 MHz, CDClj) 6 7.73-7.64 (d, 

IH), 5.78-5.95 (m, IH) , 4.98-5.31 (m, 2H) , 4.65 (d, 
0.8H, J = 2.4H2, H-lff), 4.27 (d, 0.2H, J=8.4Hz, H-10) , 
3.11-4.22 (m, IIH), 1.83 (s, 3H) . 

6.2. 

Allyl 2-acetainido-4r 6-0-ben«ylidina-2-deoxy-of-D- 
glucopyramoside (3) 

Compound (2) (5 g, 0.019 mole) is dissolved in DMF 
(30 mL) . Benzaldehyde dimethyl acetate (5.7 mL, 0.038 
mole) and p-toluenesulf onic acid (380 mg, 0.002 mole) 
are added. The reaction is kept at 70 '^C overnight for 
18 h. The reaction mixture is worked up by the 
addition of water, followed by sodium bicarbonate to 
neutralize the resulting mixture and precipitate the 
product. The precipitated product is filtered and 
washed well with water. Recrystallization from 
methanol /water provides pure a isomer (3.2 g, 47%). 
TLC (10% methanol /methylene chloride) Rf 0.7. *H NMR 
(300 MHz, CDCI3) 6 7.26-7.52 (m, 5H) , 5.84-5.92 (m, 
2H) , 5.57 (B, IH), 5.24-5.34 (m, 2H) , 4.89 (d, IH, -J = 
.3.3Hz), 3.00-4.30 (m, 9H) , 2.06 (s, 3H) . 

6.3. 

Allyl 2-Acetaiaido-6-0- (2' -acetaiaido-3' ,4' ,6' -tri- 
O-acetyl-2' -deo3cy-/5-D-glucopyraao8yl) -2-dooxy-3- 
0 [1- (R) - (motboxycarbonyl) ethyl] -a-D- 
glucopyranoside ( 8 ) 

Compound (6) (150 mg, 0.43 mmole) and compound (7) 
(214 mg,0.65 mmole) are dried by azeotropic 
distillation from toluene 2 times, finally dissolved in 
toluene (10 mL) . To this mixture is added p- 
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toluenesulfonic acid (10 mg) . It is heated at 110 ''C 
for 3 h. The solvent is concentrated under reduced 
pressure, and the mixture is passed through a silica 
gel column. Elution with methylene chloride, then with 
increased percentage of methanol in methylene chloride 
up to 5% methanol in methylene chloride, gives the 
product (200 mg, 70%) . TLC (10% methanol /methylene 
chloride) Rf 0.6. NMR (300 MHz, CDCI3) 6 7.64 (d, 
IH, J = 4.2H2), 5.83-5.91 (m, 2H) 5.00-5-34 (m, 8H) , 
4.77 (d, IH, J = 3.6Hz), 3.78-4.27 (m, 8H) , 3.75 (s, 
3H) , 2.09 (S, 3H) , 2.05 (s, 3H) , 2.03 (s, 3H) , 1.98 (s, 
3H) , 1.43 (d, 3H, J = 6.9Hz). MS FAB: 700 (M+Na)*. 

6.4. 

Allyl 2-acetai&ido-6-0- (2' -acetainido-3' ,4' , 6' - tri- 
O-acotyl-2' -deoxy-/8-D-glucopyrano8yl) -4-O-acotyl- 
2-d«oxy-3-0[l(R) - (methoxycarbonyl) ethyl] -o-D- 
glucopyranoslde (9) 

Compound (8) (200 mg, 0.3 mmol] is dissolved in 
pyridine (2 mL) . To this solution is added acetic 
anhydride (1 mL) and DMAP (10 mg) . The reaction is 
stirred at room temperature for 6 h, and it is 
evaporated under reduced pressure. The residue is 
taken up into water (10 raL) and extracted twice with 
ethyl acetate. The organic extract is washed with 
water and saturated sodium chloride solution, then 
dried over sodium sulfate and filtered. After 
evaporating the solvent, crystalline product (210 mg 
100%) is obtained. TLC (10% methanol /methylene 
chloride) Rf 0.62. 'H NMR (300 MHz, CDCI3) 6 7.64 (d, 
IH) , 5.80-5.84 (m,2H) 5.03-5.31 (m, 6H) , 4.45 (d, IH, J 
= 8.4Hz), 3.80-4.25 (m, 12H) , 3.78 (s, 3H) , 2.13 (s, 
3H), 2.08 (s, 3H), 2.02 (s, 3H) , 2.01 (s, 3H) . 1.93 (s, 
3H), 1.35 (d, 3H, J = 7.2Hz) . MS FAB: 742 (M+Na)*. 

6*5. 

Carboxymethyl 2-aceta2aido-6-0- (2' -acetaslido-- 
3' ,4' , 6' -tri-O-acetyl-2' -deoxy-i^-D- 
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glucopyranosyl) -4-0-acetyl-2-dooxy-3-0- tl{R) - 
(methoxycarbonyl) ethyl] -a-D-glucopyranoside (10) 

Compound (9) (200 mg, 0.28 nnnol) is dissolved in a 

mixture of solvents: carbon tetrachloride (0.8 mL) , 

acetonitrile (0.8 mL) and water (1.2 mL) . This mixture 

is treated with sodium periodate (250 mg, 1.17 mol) and 

ruthenium(III) chloride (2 mg) . The reaction mixture 

is stirred at room temperature for 2 h. Precipitation 

of NalOj is observed. The mixture is extracted with 

CH2CI2 (2 X 15 toL) . The organic layer is washed once 

with water and dried over Na^SO^. After filtration, 

the solvent is evaporated to give the product (180 mg, 

86%) as a solid. Rf 0.1. NMR (300 MHz, CDClj) 6 

8.01 (d, 1H),6.40 (m, IH) , 5.07-5.35 (m, 6H) , 4. 45 

(d,lH, J » 8.4Hz), 3.83-4.28 (m, 12H) , 3.79 (s, 3H) , 

2.13 (s, 3H), 2.08 (s, 3H) , 2.05 (s, 3H) , 2.03 (s, 

3H),2.02 (s, 3H), 1.98 (s, 3H) , 1.36(d, 3H J = 7.2Hz) . 

MS FAB: 759 (M+Na) , 782 (M+2Na)*. 

6.6* 

Dodecylcarbaznoylmttthyl 2 *- acetamldo- 6 - O - ( 2 ' - 
acetaznido- 3 ' , 4 ' , 6 ' - tri-0- acetyl-2 ' -deoxy- jS-D- 
glucopyraaoayl) -4-O-acetyl-2-dooxy-3-0- [1(R) - 
(methoxycarbonyl) ethyl] -a^D^glucopyranoaide (11) 

Compound (10) (700 mg, 0.95 mmol), 1- 

hydroxybenzotriazole (142 mg, 1.05 mmol), 1-cyclohexyl- 

3- (2 -morpholinoethyl) carbodiimide metho-p- 

toluenesulfonate (445 mg, 1.05 mmol) (WSCDI) , and 

dodecylamine (210 mg, 1.14 mmol) are stirred in 

methylene chloride (40 mL) for 30 h. The reaction 

mixture is diluted with methylene chloride (60 mL) , 

washed with water, saturated NaCl solution, then dried 

with sodium sulfate. The organic layer is filtered, 

and the solvent is removed under vacuum. The residue 

is purified by chromatography on silica using a solvent 

elution gradient of CH2Cl2-7% EtOH/CIHjClj to give the 

product (620 mg, 73%) as a crystalline solid. TLC (10% 

methanol /methylene chloride) Rf 0.6. *H NMR (300 MHz, 
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CDCI3) 6 8.21 (s, IH), 6.80 (m, IH) , 6.37 (d, IH, J = 
8.4Hz), 5.50 (s, 1H> 4.95-5.28 (m, 3H) , 4.65 (d,lH 
J=8.1Hz), 3.21-4.29 (m, 12H) , 3.78 (s, 3H) , 2.13 (s, 
3H), 2.08 (s, 3H) , 2.07 (s, 3H) , 2.02 (s, 3H) , 1.94 (s, 
3H) 1.53 (m, 2H) , 1.36 (d, 3H, J = 6.9Hz), 1.25 (m, 
20H) , 0.87 (t, 3H J=7,2Hz). MS FAB: 926 (M+Na)*. 

6.7. 

Dodecylcarbainoylsiethyl 2«acetaznido-6*0- (2 ' - 
acetaBiido-3' ,4' ,6' - trl-O-acetyl-2' -deoxy-/3-D- 
glucopyranosyl } -4-0-acetyl-2-deoxy-3-0- [1 (R) - 
(carboxy) ethyl] -a-D-glucopyraaoside (12) 

Compound (11) (100 mg, 0.11 mmol) is dissolved in 

1,4-dioxane (10 mL) and stirred at ice bath 

temperature. An O.IM aqueous solution of potassium 

hydroxide (1,7 mL, 0,17 mmol) is added to the mixture, 

and it is stirred for 4 h at 0 ®C. The reaction 

mixture is worked up by neutralizing with amberlite H* 

resin. The reaction mixture is filtered and the 

solvent evaporated to give the product (90 mg, 91%) as 

a solid. TLC (20% methanol /methylene chloride) Rf 

0.45. NMR (300 MHz, CDClj) 6 8.21 (s, 1H),6.80 (d, 

IH), 6.40 (d, IH) 5.50 (s, IH) , 3.21-5.08 (m, 17H) , 

2.01-2.08 (m, 18H) , 1.94 (d, 3H, J = 6.3Hz), 1.25 (m, 

20H), 0.87 (t, 3H, J = 6.9Hz). MS FAB: 912 (M+Na) % 

935 (M+2Na)*. 
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6.8. 

Dodecylcarbaxnoylinethyl 2-acetamido-6-0- (2' - 
acetainldo-3' #4' ,6' -tri-0- acetyl -2' -deoacy-jJ-D- 
glucopyr anosyl ) -4-0-acetyl"2-deoxy-3-0- [1(R)- 
(pentaf luorophenoxycarbonyl ) ethyl] or-D- 
glucopyranoside ( 13 ) 

Compound (12) {50 mg, 0.056 inmol) is dissolved in 
methylene chloride (10 mL) . To this solution is added 
pentaf luorophenol (12 mg, 0.067 mmol) and 1-cyclohexyl- 
3- (2-morpholinoethyl) carbodiimide metho-p- 
toluenesulfonate (29 mg, 0.067 mmol). This mixture is 
stirred for 2 days at room temperature. The reaction 
mixture is diluted with methylene chloride and washed 
well with ice-cold water, and ice-cold saturated NaCl 
solution, then dried over sodium sulfate. This mixture 
is filtered and the solvent evaporated to dryness to 
give the product (53 mg , 89%) as a solid. TLC (Ethyl 
acetate: acetone 4:1) Rf 0.7. NMR (300 MHz, CDCI3) 6 
8.23 (s, IH), 7.05 (m, IH) , 6.21 (d, IH) , 5.43 (s, IH) 
23.25-5.19 (m,15H), 1.95-2.17 (m, 15H) , 1-58 (d, 3H, J 
= 6.9Hz), 1.24 (m, 20H) , 0.87 (t, 3H, J=6.9Hz). 
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6.9. 

Ally 1 2 - acetainido-4 , 6 -0-benzylidene- 2 -deoscy- 3 -O- 
tmethoxycarbonylmethyl] -a-D-glucopyranoside (14) 

Compound (3) (349 mg, 1 mmol) is dissolved in THF 

(10 mL) , and to this solution is added 60% NaH in oil 

(80 mg, 2 mmol) . The above mixture is stirred at room 

temperture for 30 min under argon. To this mixture is 

added methyl bromoacetate (0.19 mL, 2 mmol). The above 

mixture is stirred at 50 «>C for 23 hr under argon. 

Acetic acid (2 mmol) is added to quench the reaction. 

The solvent is evaporated and water (10 mL) is added to 

the residue. After stirring, the precipitated product 

is filtered and dried (420 mg, 100%) . TLC (10% 

methanol/ methylene chloride) Rf 0.55. NMR (300 

MHz. CDCl,) b 7.35-7.48 (m, 5H) , 5.83 (m, IH) , 5.56 (s. 

IH), 5.17-5.31 (m, 3H) , 3.76-4.50(m, lOH) , 3.73(s, 3H) , 

2.05 Is, 3H) . MS FAB: 444 (M+Na)*. 

6.10a. 

Allyl 2-acetaiiiido-2-deoxy-3-0- 

[nethoxycarbonyliBethyl] -a-D-glucopyranoaide (15) 
Compound (14) {1.5 g, 3.6 mmol) is treated with 
75% acetic acid /water and further processed as 
described for compound (6) to give the product (810 mg, 
67%) as a solid. TLC (10% methanol/ methylene 
chloride) Rf 0.4. >H NMR (300 MHz, CDClj) 6 6.53 (d, 
IH), 5.80-5.9 (m, IH) , 5 . 20-5. 31 (m, 2H) , 5.19 (d, IH, 
J- 3.6 Hz), 4.52 (ABq, 2H) 3.44-4.24 (m, lOH) , 3.77 (s, 
3H), 2.09 (s, 3H) . MS FAB: 356 (M+Na) ^ 



6.10b. 

Allyl 2-Acetamido-4,6-di-0-acetyl-2-deoxy-3-0- 
[methoxycarbonyl methyl] -of-D-glueopyranoside (21) 

Compound (15) (750 mg, 2.25 mmol) is treated with 

ic anhydride and pyridine with catalytic amounts of 

overnight, as in example (9), to give the product 



wo 97/34623 



PCT/US97/04637 



30 

(21) (500 mg, 53%) as a solid. TLC (ethyl acetate: 
acetone 4:1) Rf 0.65. 'H NMR (300 MHz, CDCI3) 6 5.86 
(m, IH) , 5.05-5-31 (m, 3H) , 3.82-4.39 (m, lOH) , 3.77(s, 
3H), 2.11 (S, 3H), 2.09 (s, 3H) , 2.04 (s, 3H) . MS FAB: 
440 (M+Na)*. 

6.11. 

Allyl 2-acetamido-6-0-(2'-acetamido-3' ,4' ,6' -tri- 
O-acetyl-2' -dooxy-/8-D-glucopyranoByl) -2-deoxy-3- 
O [xnethoxycarbonylmethyll -a-D-glucopyranoside ( 16 ) 

Compound (15) (2.2 g, 6.6 mmol) and compound (7) 

(3.5 g, 10.6 mmol) are heated with p-toluenesulfonic 

acid (150 mg) in toluene (150 mL) in a similar manner 

as in compound (8) to give compound (16) (3.0 g, 68%) . 

TLC (10% methanol /methylene chloride) Rf 0.6. NMR 

(300 MHz, CDCI3) 6 6.89 (m, IH) , 5.82-5.94 (m, 2H) 

4.59-5.31 (m, 7H) , 3.77-4.29 (m, 14H) , 3.75 (s, 3H) , 

2.09 (s, 3H), t2.03 (s, 3H) , 2.02 (2s, 6H) , 1.96 (s, 

3H) . MS FAB: 685 (M+Na)*. 
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Allyl 2-aceta2iULdo-6-0- (2' -ac6t8aaido-3 ' ,6' -tri- 
0*acetyI-2' -deoxy-/8-D-glucopyraixosyl) -4-0-acetyl- 
2-daoxy-3-0[methoxycarbonyl methyl] -a-D- 
glucopyranoslde ( 17 ) 

Compound (16) {3*0 g, 4.5 mmol) is treated with 
pyridine (30 mL) , acetic anhydride (15 tnL) , and DMAP 
(30 mg) in the same manner as for compound (9) , After 
recrystallization from ethyl acetate, pure compound 
(17) (1.1 g, 36%) is obtained. TLC (ethyl acetate) Rf 
0.2. NMR (300 MHz, CDC13) 6 5.97 (m, IH) , 5.85 (m, 

IH), 5.02-5.31 (m, 5H),4.45 (d, IH) , 3.80-4.32 (m, 
IIH) , 3.75 is, 3H), 3.35 (dd, 1H),2.14 (s, 3H) , 2.08 
(s, 3H), 2.07 (s, 3H), 2.02 (m, 6H) , 2.00 (s, 3H) , 1.93 
(s, 3H) . MS FAB: 727 (M+Na)*. 



Carboxymethyl 2-acetamido-6-0- (2' -acetamido- 
3' ,4' ,6'-tri-0-acetyl-2'-dooxy-/5-D- 
glucopyranosy 1 ) - 4 - O- ace tyl - 2 - deoxy - 3 - O - 
[methoxycarbonylmethyl] -Of-D-glucopyranoalde ( 18 ) 

Conpound (17) (420 mg, 0.6 mmol) is treated with 

sodium periodate (510 mg, 2.4 mmole) and ruthenium(III) 

chloride as in compound (10) to give compound (18) (333 

mg, 77%) as a solid. TLC (10% methanol/ methylene 

chloride) Rf 0.1. NMR (300 MHz, CDCI3) 6 8.66 (d, 

IH), 6.60 (m, IH), 4.82-5.16 (m, 5H) , 3.49-4.51 (m, 

13H), 3.76 (s, 3H), 2.13 (s, 3H) , 2.09 (s, 3H) , 2.06 

(s, 3H) , 2.02 (m, 6H) , 2.00 (a, 3H) , 1.96 (s, 3H) . MS 

FAB: 745(M+Na)*, 767 (M+2Na-H)*. 

6.14. 

Dodecylcarbamoylmethyl 2-acetajnido-6-0- (2' - 
acotaiiiido-3' ,4' ,6' -tri-.0-acetyl-2' -deoxy./5-D- 
glucopyranosyl) -4-0-acetyl-2-deoxy-3-0- 
[methoxycarbonylmethyl] -of-D-glucopyranoside (19) 

Compound (18) (330 mg, 0.46 mmol) is treated with 

1-hydroxybenzotriazole (74 mg, 0.55 mmol), l- 

cyclohexyl-3- {2-morpholinoethyl) carbodiimide metho-p- 
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toluenesulfonate (292 mg, 0,69 raraol) and dodecylamine 
(102 mg, 0.55 mmol) in a similar manner to compound 
(11) • After silica gel column purification compound 
(19) is obtained (250 mg, 61%) as a solid. TLC (10% 
methanol /methylene chloride) Rf 0.6. NMR (300 MHz, 
CDCI3) 6 8.06 (d, IH), 6.86 (m, 1H),6.34 (m, IH) , 4.95- 
5.35 (m, 5H),4.60 (d, IH, J= 8.7 Hz). 3.22-4.36 (m, 
12H), 3.78 (s. 3H) , 2.13 (s, 3H) , 2.08 (s, 3H) , 2.06 
(s, 3H), 2.02 (ra, 3H) , 2.00 (s, 3H) , 1.94 (s, 3H) , 
1.17-1.29 (m, 20H), 0.87 (t, 3H, J= 6.9 Hz). MS FAB: 
912 (M+Na)*. 

6.15- 

Dodecylcarbaxnyolmethyl 2-acetainido-6-0* (2' - 
acetamido-3' ^4' ,6' -tri-O-acetyl-2' -deoxy-/J-D- 
glucopyr anosy 1 ) - 4 - O - acetyl - 2 - deoxy - 3 - O - 
[carboxymethyl] -or-D-glucopyranoBlde (20) 

Compound (19) (250 mg, 0.28 mmol) is treated with 

aqueous O.IM KOH solution (4.2 mL, 0.42 mmol) in 

dioxane (12 mL) as in compound (12) . After workup, 

compound (20) is obtained (230 mg,94%) as a solid. TLC 

(20% methanol/ methylene chloride) Rf 0.45. ^H NMR 

(300 MHz, CDCL3) 6 8.40 (m, IH) , 7.43 (m, IH) , 6.42 (m, 

IH), 4.87-5.29 (m, 5H) , 3.81-4.48 (m, 13H) , 3.70 (s, 

3H), 3.23 (m, 2H) , 2.11 (s, 3H) , 2.08 (s, 3H) , 2.03 (s, 

6H) , 2.02 (m, 6H) , 1.25 (m, 20H) , 0.87 (t, 3H) . 

6.16. 

Carboxyxnethyl 2-acetamido-4, 6-di-0-acetyl-2-deoxy- 
3-0- [aethoxycarbonyliiiethyl] *ar-D-glucopyrano8lde 
(22) 

Compound (21) (740 mg, 177 mmol) is treated with 
sodium periodate (1.5g 7.08 mmol) and ruthenium (III) 
chloride as in compound (10) to give compound (22) as a 
solid (540 mg, 70%) . TLC (10% methanol/ methylene 
chloride ) Rf 0.1. ^H NMR (300 MHz, CDCI3) 6 8.00 (m, 
IH), 5.36 (d, IH), 5.08 (m, IH) , 3.79-4.36 (m, 9H) , 
3.78 (s, 3H) , 2.10 (s, 3H) , 2.09 (s, 6H) . 
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6.17. 



Dodocylcarbaaoylawthyl 2-acetamido-4, S-di-O- 

Compound (22) (540 tng, 1.2 mmol) is treated with 
1-hydroxybenzotriazole (195 mg, 1.44 ntmol) , 1- 
cyclohexyl-3-{2-inorpholinoethyl) carbodiimide tnetho-p- 
toluenesulfonate (762 n,g, i.a mmol) and dodecylamine 
(267 rag, 1.44 mmol) as in compound (H) . After silica 
gel column and eluting with ethyl acetate pure compound 
(23) is obtained (450 rag, 63%) as a solid. TLC (10% 
methanol/methylene chloride) Rf 0.6. NMR (300 MHz 
CDCI3) 6 8.14 (s, IH), 6.53 (ra. IH) , 5.41 (d, IH, J J 
2.4HZ), 5.06 (m, IH) , 3.79-4.40 (m, 9H) , 3.80 (s, 3H) , 
3.27 (m, 2H), 2.13(s, 3H) , 2.09 (s. 3H) . 2.07(s. 3H) 
1.98-1.20 (m, 20H). 0.87 (t. 3H J=6.3Hz). MS FAB: 625 
(M+Na)*. 

6.18. 

Dodecylcarbainoylaiethyl 2-acetamido-4, 6-dl-O- 
acetyl.2-deoxy.3-O. Icarboxy methylj -a-D- 
glucopyranoslde (24) 

Compound (23) (150 mg, 0.5 mmol) is treated with 
an O.IM aqueous solution of KOH(3.8 mL, 0.38 mmol) in 
dioxane (10 mL) as for compound (12), after workup to 
give compound (24) (148 mg. 100%) as a solid. TLC (10% 
methanol/methylene chloride) Rf o.l. >h NMR (300 MHz 
CDCI3) 6 4.83-5.15 (m, 2H), 5.06 (m, IH) , 3.80-4.38 (m, 
9H), 3.15-3.39 (m, 2H) , 2.13(s, 3H) . 2.09 (s, 3H) , 2.08 
(s, 3H), 1.25 (m, 20H) , 0.85 (t, 3H J=6.3Hz). MS FAB 
611 (M+Na)\ 633 (M+2Na-H)*. 

-J^Sl-nSe^rjT;!^^" 2-aceta«ido.4,6.di.O. 

Compound (24) (300 mg, 0.5 mmol) is treated with 
pentafluoro phenol (101 mg, 0.55 mmol) and 1- 
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cyclohexyl-3- (2-inorpholinoethyl) carbodiimide metho-p- 
toluenesulfonate (282 mg, 0.65 mmol) , as for compound 
(13) . After workup compound (25) is obtained (450 mg, 
100%). TLC (10%methanol/ methylene chloride) Rf 0.7. 

NMR (300 MHz, CDClj) 6 7 . 12 (d, IH, J = 4.5Hz), 6.40 
(m, IH), 5.24 (d, IH, J - 3.6Hz), 5,19 (m, IH) , 4.56- 
4.78 (m, 2H) , 3.86-4.19 (m, 7H) , 3.24-3.30 (m, 2H) , 
2.16 (s, 3H) , 2.09 (s, 3H) , 2.02 (s, 3H) , 1.25 (m, 
20H), 0,85 (t, 3H J=6.6Hz). MS FAB: 777 (M+Na)*. 

6.20. 

Allyl 2-aceta]nldo-4, 6*0-benzylldene-2*deoxy-3-0- 
[carbonylmethyl] -a-D-glucopyranoside (47 ) 

Compound (14) (1.0 2.4 mmol) is suspended in 

methanol (40 mL) . To this suspension is added 

potassium hydroxide (4 03 mg, 7.2 mmol) and water (0.1 

mL) , stirred for 4h at room temperature. This basic 

mixture is neutralized with amberlite H* and filtered. 

After evaporating the solvent, crystalline product is 

obtained (100%) , TLC (10% methanol /methylene chloride) 

Rf 0.1. *H NMR (300 MHz, CDCI3) 6 7.35-7.48 (m, 5H) , 

7.18 (d, IH, J = 6.6Hz), 5.81-5.94 (m, IH) , 5.57 (s, 

IH), 5.20-5.32 (m, 2H),5.12 (d, IH, J = 3.6Hz), 4.38. 

(ABq, 2H), 3.76-4.50 (m, 8H) , 2.06 (s, 3H) . 

€.21. 

Allyl 2 •* acetamido - 4 , 6 -0-benzylidene - 2 -deoxy- 3-0- 
[pentaf luorophenoxycarbonylmfithyl] -o-D- _ 
glucopyranoside (48) ~ 

Compound (47) (1.0 g, 2.4 mmol) is treated with 

pentafluoro phenol (497 mg, 2.7 mmol) and 1-cyclohexyl- 

3- (2-morpholinoethyl) carbodiimide metho-p- 

toluenesulf onate (1.14, 2.7 mmol), as for compound 

(13) . After workup compound (48) is obtained (1.4 g 

100%) as a solid. TLC (10% methanol/ methylene 

chloride) Rf 0.75. 'H NMR (300 MHz, CDCL3) 6 7.36-7.50 

(m, 5H), 6.37 (d, IH, J = 7.2Hz), 5.82-5.94 (m, IH) , 
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5.60 (s, IH) , 5.23-5.31 (m, 2H) , 5.19 (d, lHJ=2.4Hz), 
4.77 (ABq, 2H) , 3.73-4.31 (ra, 8H) , 2.06(s, 3H) . 

6 •22 • 

Methyl 2 (S) -O- 

Trlfluorcntethanesulf onyloxypropiolate (4 ) 

Trifluoromethanesulfonyl anhydride (13.3 mL, 79 
mmol) is added dropwise to a stirred solution of 
anhydrous pyridine (6.7 mL, 83 mmol) in anhydrous 
dichlorome thane (250 mL) at -40 °C to give a white 
suspension. A solution of methyl-2{S)- 
hydroxypropiolate (8,2 g, 79 tnmol) in dichloromethane 
(15 mL) is then added to the reaction mixture at -40 
«C, and the stirred reaction mixture is allowed to warm 
to room temperature over 1 h. The white precipitate is 
filtered off, and the filtrate is concentrated below 30 
®C on a rotary evaporator to give a brown liquid. Th^s 
liquid is passed through a 15 cm plug of silica 
(eluting with PjOj-dried hexane, 250 mL) and 
concentrated to give the crude product as a pale yellow 
liquid (9.8 g) . Vacuum distillation gives pure methyl- 
(S) -2-0-trifluoromethanesulfonyl-propiolate (4) (7.8 g, 
33 mmol, yield 42%) as a colorless mobile liquid (b.p. 
60 »C, 10 torr) . NMR (300 MHz, CDCI3) 6 5.22 (q, 
IH) , 3.83 (s, 3H) , 1.69 (d, 2H) . 

6.23. 

Allyl 4,6-0-benzylldone-3-0- [1' (R) - 
(methoxycarbonyl) ethyl] -2-deoxy-'2*acetamido-Qf-D- 
glucopyranoside (5a) and Allyl*4,6-0-benzylidene- 
3-0- tl' (S) - (methoxycarbonyl) ethyl] -2-deoxy-2- 
acetamido*a*D-glucopyrano8ide (5b) 

A stirred suspension of alcohol (3) (9.06 g, 26 

-mol) in anhydrous dichloromethane (150 mL) is heated 

at 40 for 10 min under argon and then treated with 

95% sodium hydride (0.78 g, 32.5 mmol). After 5 min, 

triflate (4) (9.2g, 39 mmol) is added cautiously over 15 

min causing a vigorous exotherm and evolution of 
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hydrogen. After a further 20 min, the reaction mixture 
is cooled and poured into water (100 mL) . The organic 
layer is separated, washed with water (50 mL) , dried 
over Na^SO^ and evaporated to give a white solid (15 
g) . The crude product is purified by flash 
chromatography on silica (250 g) using a gradient 
elution 10 20% ethyl acetate-dichloromethane to give 
firstly allyl-4,6-0-benzylidene-3-0- (1' (R) - 
(methylcarboxy) ethyl] -2-deoxy-2-acetamido-a-D- 
glucopyranoside (5a) (6.1 g, 14 mmol, yield 54%) and 
then allyl-4r6-0-ben2ylidene-3-0- II' (S)- 
(methylcarboxy) ethyl] -2-deoxy-2-acetamido-a-D- 
glucopyranoside {5b) (1.65 g, 3.8 mmol, yield 14.5%), 
both as white solids. 

Spectral data for 5a: TLC (30% EtOAc-hexane) Rf 
0.55. IR (KBr disc): 3207, 1736, 1632, 1547, 1375 cm' 
\ NMR (300 MHz, CDCI3) 6 7.54-7.37 (m, 5H, Ph-H) , 

5.88 (m, IH, allyl C-H) , 5.58 (s, IH, CH-Ph) , 5.32 (d, 
IH, J^2.3 Hz, H-1), 5.30-5.23 (two d, 2H, ^CH^) , 4.53 
(q, IH, 0-CH{Me)C02Me) , 4.2B-3.66 (m, 12H including 
s,3H at 3.75), 2.06 (s, 3H, NHAc) , 1.42 (d, 3H,0- 
CH(Me)C02Me) . FAB MS : 458 (M+Na)^ 

Spectral data for 5b: TLC (30% EtOAc-hexane) Rf 
0.38. IR (KBr disc) : 3280, 1752, 1640, 1560, 1375, 
1005 cm^ 'H NMR (300 MHz, CDCI3) 6 7.5-7.35 (m, 5H, 
Ph-H), 5.89 (m, IH, allyl C-H), 5.58 (s, IH, CH-Ph) , 
5.78 (br d, IH, NH) , 5.46-5.20 (two d, 2H, ^CH^) , 4.90 
(d, IH, J=3.6 Hz, H-1), 4.53 (q, IH, 0-CH (Me) CO^Me) , 
4.33-3.63 (m, lOH) , 3.24 (s, 3H, COjMe) , 2.02 (s, 3H, 
NHAc), 1.31 (d, 3H,0-CH(Me)C02Me) . FAB MS: 458 
(M+Na)". 
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6.24. 

Allyl 3-0- [1' (R) - (Methoxycarbonyl) ethyl) -2-daoxy- 
2 - acetamido-cr-D-glucopyranoBide ( 6 ) 

A stirred solution of the benzylidene acetal (5a) 

(8.0 g, 18^4 mmol) in 75% AcOH-HaO (100 mL) is heated 

at 55 *C for 14 h. The reaction mixture is 

concentrated under reduced pressure at 50 **C, and the 

residue is dried by azeotropic distillation from 

toluene (2 x 100 tnL) . The crude product is preadsorbed 

on silica (25 g) and purified by flash chromatography 

on silica (eluant 10 2 0% e t hanol -dichl or ome thane) to 

give allyl-3-0- [1' (R) - (methoxycarbonyl) ethyl] -2-deoxy- 

2-acetamido-Qf-D-glucopyranoside (6) (4,65 g, 13.4 mmol, 

yield 83%) as an oil. TLC (10% MeOH-CHaClz) Rf 0.52. 

IR (neat): 3336, 2929, 1734, 1654, 1548, 1226, 1133, 

1042 cm'^ 'H NMR (300 MHz, CDClj) 7.64 (d, IH, NH) , 

5.85 (m, IH) , 5.28-5.14 (m, 3H) , 4.72 (q, IH) , 4.14- 

3.55 (m, 13H including s, 3H at 3.76), 2.04 (s, 3H) , 

1.41 (d, 3H) . FAB MS 370 (M+Na) * . 

6.25. 

2-Methyl-4,5- (tri-0-acetyl*2-deoxy-a-D- 
glucopyranosyl) ^L^^ oxazoline (7) 

The 2-deoxy-2-acetamido-D-glucopyranoside (49.0 g, 
222 mmol) is stirred in acetyl chloride (90 mL, 1.261 
mol) for 18 h at r.t. The clear red oil is diluted 
with ethanol-free chloroform (400 mL) , stirred for 1 h 
at r.t. and then poured onto ice (700 mL) . The organic 
layer is separated, washed quickly with ice cold 
saturated aqueous NaHCOj (500 mL) , dried over Na2S04 and 
concentrated under reduced pressure to a volume of 
about 50 mL. Diethyl ether (400 mL) is added, and the 
product, 3,4, 6-tri-0-acetyl-2-deoxy-2-acetamido-a-D- 
glucopyranosyl chloride (58 g, yield 71%) is collected 
as off-white crystals. The chloride (40 g, 109 mmol), 
tetraethylamroonium bromide (22.9 g, 109 mmol) and 
anhydrous sodium bicarbonate (18.3 g, 218 mmol) are 
stirred in anhydrous acetonitrile (80 mL) until 
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evolution of CO2 gas ceases (ca. 30 min) . The 
reaction mixture is filtered, and the filtrate 
evaporated. The residue is dissolved in 
dichlorome thane (300 mL) , washed with water (4 x 50 mL) 
and re -evaporated. The residue is taken up in diethyl 
ether (250 mL) and stored at -20 for 3 h. Some 
colorless crystals of an impurity, 1 , 3 , 4 , 6-tetra-O- 
acetyl -2 -deoxy-2-acetamido-D-glucopyranoside (2.5 g) , 
are removed by filtration. The product, 2-methyl-4, 5- 

(tri-O-acetyl-2-deoxy-a-D-glucopyranosyl) -A2-oxa2oline 

(7) (29 g, 88 mmol, yield 81%), is obtained by 
evaporation of the filtrate as a golden yellow oil . 
TLC (EtjO) Rf 0.24. 'H NMR (300 MHz, CDCI3) 6 5 . 87 (d, 

IH), 5.23 (t, IH), 4.92 (dd, IH) , 4.2-4.1 (m, 3H) , 3.60 

(quintet, IH) , 2.04 (m, 12H) . 

6.26. 

Carboxymethyl 4, 6-0-Bonzylideno-3-0- [1' (R) - 
(methoxycarbonyl) ethyl] -2-deoxy-2-acetamido-Qf-D- 
glucopyranoslde (26) 

The carboxylic acid (26) is prepared in a similar 
manner to compound (10) by the reaction of compound 
(5a) (1.28 g, 2.94 mmol) with sodium periodate (2.83 g, 
13.24 mmol) and ruthenium trichloride hydrate (12 mg) . 
The crude product, an oil (1.8 g), is used without 
further purification in the next step, TLC (10% MeOH- 
DCM) Rf 0.05- *H NMR (300 MHz, CDCI3) 6 7.9 (d, IH) , 
7.4 (m, 5H) , 5.54 (s, IH) , 5.4 (d, IH) , 4.5 (q, IH)-, 
4.3-3.6 (m, 12H), 2.05 (s, 3H) , 1.4 (d, 3H) . 

6.27. 

Dodecylcarbaxnoylfliethyl 4, 6-0-Benzylidene-3-0- 
tl' (R) - (methoxycarbonyl) ethyl] -2-deoxy-2- 
acetamido-a-D*glucopyrano8ide (27) 

A solution of the crude acid (26) (1.8 g, 2.9 

mmol) , l-cyclohexyl-3- (2-morpholinoethyl) carbodiimide 

metho-p-toluenesulfonate (WSCDI) (1.49 g, 3.53 mmol), 

HOBt (0.476 g, 3.53 mmol) and dodecylamine (0.598 g. 
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3.23 mmol) in dichloromethane (100 mL) is stirred at 
r.t. for 15 h. The solvent is evaporated, and the 
residue is taken up in EtOAc {100 mL) , washed with 2N 
HCl (50 mL) , sat'd aq. NaHCOj (50 mL) and then dried 
over NajSO^. Evaporation under reduced pressure gives 
a white solid (4.0 g) , which is flash chroroatographed 
on silica eluting with 3% MeOH-DCM to give the title 
compound (27) (0.97 g, yield 54% over two steps) as a 
white solid. TLC (5% MeOH-DCM) Rf 0.32. NMR (300 
MHz, CDCI3) 6 8.08 (d, IH), 7.46-7.36 (m, 5H) , 6.00 (t, 
IH), 5.59 (s, IH), 5.46 (d, IH) , 4.55 (q, IH) , 4.26 (m, 
IH), 4.12-3.98 (dd, 2H) , 3.80-3.71 (m, 8H including s 
at 3.77), 3.27 (m, 2H) , 2.08 (s, 3H) , 1.62-1.43 (m, 
2H), 1.44 (d, 3H), 1.4-1.25 (m, 18H) , 0.87 (t, 3H) . 
FAB MS: 643 (M+Na)*. 

6.28. 

Dodecylcarbamoylmethyl 4, 6-0-benzylidene-3-0- 
[1' (R) - (carbojqr) ethyl] -2-deoxy-2-aceta2iiido-a-D- 
glucopyranoside (28) 

A solution of methyl ester (27) (0.97g, 1.56 mmol) 
and sodium hydroxide (187 mg, 4.69 mmol) is stirred at 
r.t. in 1:1 THF-MeOH (50 mL) for 14 h. The solution is 
acidified with Dowex 50 H* resin, filtered and 
evaporated to give a yellow-white solid. TLC (10% 
MeOH-DCM) Rf 0.09. NMR (300 MHz, CDCI3) 6 7.41-7.30 

(m, 5H), 5.54 (s, IH) , 5.24 (d, IH, J = 1.8 Hz), 4.43 
(q, IH, J = 7.2 Hz), 4.21 (m, IH) , 4.07-3.86 (two d, 
2H, J « 15.6 Hz), 3.8-3.6 (m, 7H) , 3.19 (m, 2H) , 1.99 
(S, 3H), 1.47 (m, 2H), 1,39 (d, 3H, J = 7.2 Hz), 1.28- 
1.91 (m, 18H), 0.81 (t, 3H, J = 6.6 Hz). FAB MS: 629 
(M+Na)* and 651 (M+2 Na-H)*. 

6.29. 

Dodecylcarbaxnoylmothyl 4, 6-0-bonzylidene-3-0- 
(1' (S) - (methoxycarbonyl) ethyl] -2-deoxy-2- 
acetaxnldo-Qf-D-glucopyranoslde (29) 



wo 97/34623 



PCT/US97/04637 



40 

The allyl group of compound (5b) (2.00 g, 4.60 
mmol) is converted to a methylene carboxy group using 
sodium periodate (4.43 g, 20.70 mmol) and ruthenium 
trichloride hydrate (17 mg) as in the preparation of 
compound (10) to give the crude acid as a greenish 
white solid. TLC (10% MeOH-DCM) Rf baseline. The 
crude acid is then allowed to react with 1-cyclohexyl- 
3- (2-morpholinoethyl) carbodiimide metho-p- 
toluenesulfonate (2.34 g, 5.52 mmol), HOBt (0.745 g, 
5.52 mmol) and dodecylamine (0*936 g, 5.06 mmol) as in 
the preparation of compound (27) . After workup and 
chromatography, the amide (29) (0.8 g, 1.29 mmol, yield 
28%) is obtained as a white solid. TLC (5% MeOH-DCM) 
Rf 0.23. 'H NMR (300 MHz, CDClj) 6 7.44-7.32 (m, 5H) , 
6.38 (br t, IH), 6.22(d, IH) , 5.46 (s, IH) , 5.08 (d, 
IH) , 4.28-3.67 (m, lOH) , 3.28 (s and m, 5H) , 2.05 (s, 
3H), 1.53 (m, 2H), 1.35 (d, 3H) , 1.35-1.24 (m, 18H) , 
0.87 (t, 3H) . FAB MS: 643 (M+Na)*. 

6«30. 

DodecylcarbaBkoylmethyl 4, e-O-bonzylidene-S-O- 
tl' (S) - (carboxy) ethyl] -2-deoxy-2-acetamido-of-D- 
glucopyranoside (30) 

A solution of methyl ester (29) (O.SOg, 1.29 mmol) 
and sodium hydroxide (154 mg, 3.87 mmol) is stirred at 
r.t. in 1:1 THF-MeOH (50 mL) for 14 h. The solution is 
acidified with Dowex 50 H* resin, filtered and 
evaporated to give the carboxylic acid (30) as a white 
solid. TLC (10% MeOH-DCM) Rf 0.09. ^H NMR (300 MHz, 
CDCI3-CD3OD) 6 7.62 (br t, IH) , 7.40-7.27 (m, 5H) , 5.46 
(s, IH), 4.73 (d, IH, J = 3.9 Hz), 4.27-4.10 (m, 4H) , 
3.88 (d, IH), 3.8-3.65 (m, 4H) , 3.21 (m, 2H) , 2.00 (s, 
3H), 1.49 (m, 2H), 1.25 (d, 3H, J = 7.6 Hz), 1.26-1.20 
(m, 18H), 0.83 (t, 3H, J ^ 6.6 Hz). FAB MS: 629 
(M+Na)* and 651 (M+2Na-H)*. 
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6.31. 

Allyl 4, 6-0-ben2yliden •3-0-benzyl-2-deoxy-2- 
acetamido-cie-D-glucopyrazxoside (31) 

Alcohol (3) (40.5 106.7 mmol) is azeotroped 

with toluene (100 mL) then dissolved in anhydrous DMF 

(700ml) under argon. 95% NaH (3.23 g, 128.1 mmol) is 

added portionwise to the stirred solution over 5 min. 

After the evolution of hydrogen gas has ceased, benzyl 

bromide (15.3 mL, 128.1 mmol) is added in one portion 

and the reaction mixture is stirred overnight at R.T 

under argon. The reaction mixture is poured into water 

(1 L) causing the crude product to precipitate as a 

white solid. This is collected by filtration, and the 

filter-cake is washed with water (3 x 500 mL) then 

hexane (2 x 200 mL) . The wet filter-cake is 

redissolved in DCM (1 L) , washed with brine (100 mL) , 

dried over NajSO^ and evaporated to give the benzyl 

ether (31) (42.33g, yield 90.3%) as an off-white solid. 

TLC (10% MeOH-DCM) Rf 0.48. NMR (300 MHz, CDCI3) 6 

7.52-7.27 (m, 5H) , 5.85 (m, IH) , 5.60 (s, IH) , 5.36 (br 

d, IH) , 5.23 (d, IH), 5.20 (d, IH) . 4.92 (d, IH) . 4.86 

(d, IH, J ^ 3.6H2, H-1), 4.63 (d, IH) , 4.33-3.69 (m, 

8H) , 1.92 (s, 3H, NHAc) . FAB MS: 462 (M+Na)*. 
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6.32. 

Allyl 3 , 6 -di - O^benzy 1 - 2 - deoxy- 2 - ace tasiido -a - D - 
glucopyranoside ( 32 } 

Benzylidene acetal (31) (42.33 g, 96.4 nimol) is 
azeotroped once with toluene (150 mL) then dried under 
vacuum in a 2L flask. 3A powdered molecular sieves (65 
g) , sodium cyanoborohydride (54.5 g, 868 mmol) and 
anhydrous THF (800 mL) are added under argon. The 
stirred suspension is cooled to 0 and IN HCl in 
diethyl ether (800 mL) is added by cannula over 40 
min. The milky solution is stirred at r.t. until the 
reaction is complete by TLC (10% MeOH-CH^Cla) at 2 h. 
2N HCl (aq) (300 mL) is added, the reaction mixture is 
shaken and then ethyl acetate (1 L) is added. The 
organic layer is separated, concentrated under reduced 
pressure to a yellow liquid (200 mL) then redissolved 
» in dichloromethane (1 L) . Ethanolamine (70 mL) is 

added, the reaction mixture is stirred for 20 min at 
r.t. and then washed with water (500 mL) , 2N HCl (aq) 
(2 X 500 mL) and brine {100 mL) . Drying over NajSO^ 
and evaporation gives the title compound (32) (41 g, 
yield 95%) as an orange oil which crystallizes over 
several days to an amorphous white solid. TLC (10% 
MeOH-CHjClj) Rf 0.29. NMR (300 MHz, CDCI3) b l.SB- 

7.27 (m, 5H), 5.85 (m, IH) , 5.48 (br d, IH) , 5.25 (dt, 
IH), 5.20 (dt, IH), 4.82 (d, IH, J = 3.9Hz, H-1) , 4.73 
(q, 2H), 4.58 (q, 2H) , 4.28-4.16 (m, 2H) , 3.95 (dd^ 
IH) , 3.80-3.56 (m, 6H) , 1.91 (s, 3H, NHAc) . FAB MS : 
464 (M-i-Na)^ 

6.33. 

2 - Phthalimldo- 2 -deoxy- 1,3,4,6- tetr a-O- acetyl - /J-D- 
glucopyrauioside (33) 

Compound (33) (23 g, 48.2 mmol) is prepared 
according to the method of R.U. Lemieux T. Takeda, 
and B.Y. Chang, Am. Chem. Soc. Symp. 39, 90, 
(1976) . White crystalline solid. TLC (50% EtOAc- 



wo 97/34623 



PCT/US97/04637 



47 

hexane) Rf 0.24. *H NMR (300 MHz, CDCI3) 6 7.84 (m, 
2H), 7.74 (m, 2H) , 6.49 (d, IH, J = 9.0 Hz), 5.87 (dd, 
IH, J « 9.3 and 10.8 Hz), 5.20 (t, IH, J « 9.9 Hz), 
4.46 (dd, IH, J = 9.0 and 10.8 Hz), 4.36 (dd, IH, J = 
4.8 and 12.3 Hz), 4.13 (dd, IH, J = 2.1 and 12.3 Hz), 
4.01 (ddd, IH), 2.10, 2.02, 1.98, 1.85 (4s, 12H, 4 x 
OAc) . 

ct/fi ratio <l/20 by NMR . 
6.34. 

jaiyl 4-0- (2' -phthalimido-2' -deoxy-3' ,4' ,6' -tri-0- 
acotyl - /5-D-glucopyraaoByl ) - 3 , 6 - di -0-benzyl- 2 - 
deoxy-2-acetasiido-or-D-glucopyranoside (34) 

Compound (32) (14.8 g, 33.6 niraol) and compound 

(33) (22.4 g, 46.9 mmol) are azeotroped together in dry 

toluene (120 mL) then activated powdered 4A sieves are 

added to the residue and the mixture is resuspended in 

»dry dichloromethane (500ml). The suspension is stirred 

1 h under argon then TMSOTf (35ml) is added to the 

stirred suspension followed by a second 10ml portion 

after 30 min and a further 10 raL portion at 4 h. 

The reaction is stopped after 4 h 30 min by addition of 

triethylamine (70 mL) . The black solution is filtered 

through a celite pad which is then washed with 

dichloromethane (300 mL) . The combined filtrates are 

washed with water (2 x 300 mL) , 2N HCl (aq) (2 x 200 

mL) and once with brine (200 mL) then dried (Na^SOJ 

and evaporated to a brown solid (33 g) . Flash 

chromatograph on silica (650 g) using a gradient 

elution : 50%-* 100% EtOAcrhexane affords reactant (33) 

(4.2 g) followed by the title compound (17.4 g, yield 

60.5%) as a yellow oil. TLC (EtOAc) Rf 0.38. NMR 

300 MHz, CDCI3) 6 7.85 (m, 2H, NPhth-H) , 7.72 (m, 2H, 

NPhth-H), 7.35-7.25 (m, lOH, 2 x PhH) , 5.77 (m, IH, 

Allyl =CH--), 5.73 (dd, IH, J 8.7 and 10.5 Hz, H-4'), 

5.51 (d, IH, J « 8.4 Hz, H-1'), 5.21 (br d, IH, J = 9.0 

Hz, N-H), 5.15-5.07 (m, 3H, allyl =CH,, H-3'), 4.90 (d. 
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IH, J = 12.3 Hz, CH^HPh) , 4.78 (d, IH, J = 3.6 Hz, H- 
1), 4.61 {d, IH, J = 12.3 Hz, CH^HPh) , 4.48 (2d, 2H, J 
= 11.6 Hz, CHjPh), 4.30 (dd, IH, J = 8.7 and 10.8 Hz, 
H-2')r 4.2-4.07 (m, 3H) , 3.98 and 3.82 (two dd, 2H, H- 
6a, H-6b) , 3.59-3.35 (m, 5H) , 1.98, 1.94, 1.82, and 
1.78 (4s, 12H, 3 X OAc, NHAc) . FAB MS: 881 (M+Na)*. 

6*35 

Allyl 4-0- (2' -phthaliJiiido-2' -deoxy-/8-D- 
glucopyranosy 1 )-3,6-di-0 - benzyl - 2 - deoxy - 2 - 
acetaaaldo-a-D-glucopyranoside (35) 

Compound (34) (17.4 g, 20.3 mmol)is dried by 

azeotropic distillation from toluene (50 mL) then 

dissolved in dry methanol (150 mL) under argon. Sodium 

methoxide (1.1 g) is added and the reaction mixture is 

stirred at r.t. for 1 h (reaction complete by TLC: 

10%MeOH-DCM) . Subsequently, IN HCl in diethyl ether 

(15 mL) »is added to adjust the pH of the reaction 

mixture to pH 5, and concentration gives the title 

conqpound (35) as a brown foam (20 g) . TLC (20% MeOH- 

DCM) Rf 0.58. ^H NMR (300 MHz, MeOH) 6 7.8 (m, 2H, 

NPhth-H) , 7.7 (m, 2H, NPhth-H) , 7.35-7.25 (m, lOH, 2 x 

PhH) , 5.75 (m, IH, Allyl »CH-) , 5.37 (d, IH) , 5.3 (m, 

3H), 4.90 (d, IH), 4.7(d, IH, H-1) , 4.6-4.45 (m, 3H) , 

4.3-3.1 (m, 17H), 1.8 (s, 3H, NHAc). FAB MS: 755 

(M+Na) * . 

6.36. 

Allyl 4-0- (3' ,4' , 6' -tri-O-acetyl-2' -acetaniido-2' - 
deoxy-/J-D-glucopyranosyl) -3, 6-di~0-benzyl-2•dooxy- 
2-acetamido-a-D-glucopyranoBide (36) 

Crude compound (35) (20 g, 20.3 mmol) is heated 

with 4 equivalents of ethylene diamine (4.86 g, 81.2 

mmol) in ethanol at 75 **C for 16 h under argon. The 

reaction mixture is evapKDrated under reduced pressure 

at 65 **C and then dried by azeotropic distillation from 

toluene (100 mL) to give the free amine as a brown 

solid. This solid is redissolved in dichlorome thane 
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(60 mL) containing acetic anhydride (35 mL) , pyridine 
(60 mL) and 4-dimethylaminopyridine (0.2 g) causing the 
temperature of the reaction mixture to rise to 45 *C. 
The reaction mixture is stirred at r.t. for 24 h, then 
diluted with dichloromethane (400 mL) and washed with 
ice-cold water (2 x 400 mL) , ice-cold sodium 
bicarbonate (2 x 200 mL) , 2N HCl (2 x 200 mL) , then 
brine (100 mL) . The solution is dried over NajSO^ and 
evaporated to a brown solid (15.93 g) . Flash 
chromatography on silica using a solvent elution 
gradient of: 2% 5% MeOH-DCM gives the title compound 
(12.58 g, yield 78%) as a white solid. TLC (10% MeOH- 
CHjClj) Rf 0.57. NMR (300 MHz, CDCI3) 5 7.54-7.22 

(m, lOH, 2 X PhH) , 5.80 (m, IH, Allyl =CH-) , 5.51 (d, 
IH, J = 8.4 Hz, H-1'), 5.25-5.15 (m, 2H, allyl =CH,) , 
5.09 (br d, IH, J = 9.0 Hz, N-H) , 5.02-4.78 (m, 5H) , 
4.53 (d, H, J * 9.8 Hz) ,4.48 (d, H, J = 12.4 Hz) , 
4.36 (d, IH, J = 9.8 Hz), 4.32 (d, IH, J = 5.9 Hz), 
4.18 (dd, IH, J = 4.6 and 12.2 Hz) 4.12 (m, IH) , 4,08- 
3.82 (m, 5H), 3.64 (d, 2H) , 3.58-3.44 (ra, 3H) 2.01, 
1.99, 1.92 (3s, 9H, 3 x OAc) , 1.73 and 1.72 (2s, 6H, 2 
X NHAC) . FAB MS: 793 (M+Na)*. 

6.37, 

Dodecylcarbamoylmethyl 4-0- (3' ,4' , 6' -tri-O-acetyl- 
2' -acetamido-2' -deoxy-/}-D-glucopyranoayl) -3,6-di- 
O - benzyl - 2 - deoxy - 2 - ace tamido - cr - D - glucopvxano s ide 

(37) 

Sodium periodate (0.61 g, 2.83 mmol) is added to a 
vigorously stirred ice-cold suspension of compound (36) 
(0.49 g, 0.69 mmol) and ruthenium trichloride hydrate 
(3 mg, 1 X 10*^ M) in a three -component solvent: 
acetonitrile (1 mL) , carbon tetrachloride (1 mL) and 
water (1 mL) . After 10 min, the stirred reaction 
mixture is allowed to warm to room temperature over 2 
h. The reaction mixture is diluted with 
dichloromethane (50 mL) , filtered through celite, and 
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the filtrate is evaporated to a yellow-brown solid 
(0.43g) . ninr (CDClj) indicates that this solid is 
mainly the l-carboxymethyl derivative contaminated with 
a small amount of 1-formylmethyl derivative resulting- 
from incomplete oxidation. FAB MS (for the carboxylic 
acid): 811 (M+Na)% 833 (M+2Na-H)*. The mixture is 
used without further purification in the next step. 

A solution of the crude carboxylic acid (0.43 g, 
c,a. 0.54 mmol) , dodecylamine (110 mg, 0.59 mmol) , 1- 
hydroxybenzotriazole (80 mg, 0.59 mmol) and 
dicyclohexylcarbodiimide (DCC) (133 mg, 0.65 mmol) in 
dichloromethane (15 mL) is stirred for 20 h at r.t. 
The reaction mixture is filtered, diluted with 
dichloromethane (40 mL) and washed with 2N HCl (2 x 20 
mL) , sodium bicarbonate solution (2 x 20 mL) and brine 
(20 mL) , then dried (Na2S04) and evaporated to a 
yellow-brown solid (0.5^ g) . Flash chromatography on 
silica (15 g) using a solvent elution gradient of: 
CH3CI2 ^ 3% MeOH-CHaClj, gives the title compound (37) 
(380 mg, 0-39 mmol, yield 58%) as a white solid. TLC 
(10% MeOH-CHjCla) Rf 0.57. NMR (300 MHz, CDCI3) 6 

7.54-7.25 (m, lOH, 2 x PhH) , 6.38 (br t, IH, NH) , 5.34 
(br d, IH) , 5,01 (d, IH, J = 3.4 Hz, H-1) , 5.00 (t, IH, 
J = 9.8 Hz), 4.88-4.77 (m, 4H) , 4.68 (d, IH, J = 9.5 
Hz), 4.54 (d, H, J = 12.5 Hz), 4.38-4.22 (m, 3H) , 4.05- 
3.85 (m, 6H), 3.64-3.46 (m, 5H) , 3.22 (m, 2H) , 2.02, 
1.99, 1.96 (3s, 9H, 3 x OAc) , 1.75 and 1.73 {2s, SH, 2 
xNHAc), 1.47 (m, 2H) , 1.23 (m, 18H) , 0.86 (t, 3H, J = 
6.3 Hz). FAB MS: 978 (M+Na)*. 

6.38. 

Dodecylcarbanoyliiiethyl 4-0- (3 ' , 4' , 6' -tri-O-acetyl- 
2' -acetazaido-2' -deoxy-j^-D-glucopyranoByl) -2-deo3cy- 
2-acetamido-*a-D-glucopyranoside (38) 

A solution of compound (37) (4.2 g, 4.4 mmol) in 

ethanol (50 mL) and 10%Pd/C (0.75 g) is shaken at r.t. 

in a Parr hydrogenation apparatus for 3 days under 50 
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psi of hydrogen gas. The product which crystallizes 
from the reaction mixture is redissolved by addition of 
dichl or ome thane (300 mL) , and the catalyst removed by 
filtration through a celite pad. Evaporation gives a 
white solid (-5 g) . This solid is purified by flash 
chromatography on silica using a solvent elution 
gradient of: 5% 15% MeOH-CHjCl, to afford the title 
compound (38) (2.3 g, yield 67%) as a white solid. TLC 
(10% MeOH-CHjClj) Rf 0.21. 'H NMR (300 MHz, d^-DMSO) 6 
7.97 (2d, 2H, 2 x NH> , 7.72 (br t, IH, NH) , 5.06 (t, 
IH, J « 10.0 Hz), 4.83 (t, IH, J ^ 9.8 Hz), 4.71 (d, 
IH, J = 8.6 Hz, H-1'), 4.60 (d, IH, J = 3.4 Hz, H-1) , 
4.60 (m, IH) , 4.36 (m, IH) , 4.2-2.95 (m, 3H) , 15H) , 
1.99, 1.96, 1.90, 1.83, 1.77 (5s, 15H, 3 x OAc , 2 x 
NHAc) , 1.40 (m, 2H) , 1.22 (m, 18H) , 0.83 (t, 3H, J ^ 
7.1 Hz). FAB MS: 798 (M+Na)\ 

t 

6.39. 

Dodecylcarbasioylmethyl 4-0- (3* ,4' , 6' - tri-O-acetyl- 
2' -aceta2nido-2' -daoxy-^-D-glucopyranosyl) -6-0- 
benzoyl - 2 -daoxy- 2 -acatainido-a-D-glucopyranoside 

(39) 

Benzoyl chloride (0.75 mL, 6.5 mmol) is added to a 
stirred solution of compound (38) (2.8 g, 3.61 mmol) 
and DMAP (0.2 g) in (4:1) pyridine -dichlorome thane (100 
mL) at -20 «»C. The reaction mixture is allowed to warm 
up to r.t. over 1 h. The reaction mixture is then 
recooled to -20 **C, and DMF (20 mL) is added, causing 
the milky solution to become clear and bright yellow in 
colour. The reaction is allowed to warm up to r.t, 
over 1 h, then diluted with dichloromethane (300 mL) 
and washed with water (300 mL) , 2N HCl (4 x 200 mL) , 
sodium bicarbonate (100 mL) and brine (100 mL) . The 
solution is dried over Na^SO^. Methanol (30 mL) is 
added, and the solution is filtered and evaporated to 
provide a white solid (4 g) . Flash chromatography on 
silica, eluant: 5% 15% MeOH-CH^Clj gives the title 
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coinpound (39) (1-6 g, yield 50.5%) as a white solid and 
also the diol (38) (1.1 g, 39% recovery). Compound 
(39) TLC (5% MeOH-CHjCl,) Rf 0.27. *H NMR (300 MHz, 2:1 
CDCI3-CD3OD) 6 7.96 (d, 2H, J = 7.3 Hz, Bz-H^,) , 7.54 (t, 
IH, J « 7.3 Hz, Bz-Hp) , 7.37 (t and m, 4H, Bz-Hm, 2 x 
NH), 5.09 (t, IH, J = 9.8 Hz, H-4'), 4.92 (t, IH, J = 
9.8 Hz, H-3'), 4.74 (d, IH, J = 3.4 Hz, H-1) , 4.57 (d, 
IH, J = 8.5 Hz, H-1'), 3.85 (br s, 2H) , 4.15-3.98 (m, 
7H) , 3.88-3.72 (m, 4H) , 3.48 (dd, IH, J = 8.3 and 9.8 
Hz, H-2'), 3.17 (q, 2H, J = 6.8 Hz), 2.00, 1.95, 1.94, 
1.94, 1.87 (5s, 15H, 3 x OAc, 2 x NHAc) , 1.44 (m, 2H) , 
1.23-1.18 (m, IBH), 0.80 (t, 3H, J = 7.3 Hz). FAB MS: 
902 (M+Na)*. 

6.40. 

Dodocylcarbamoylmothyl 4-0- (3' ,4' , 6' -Tri-O-acetyl- 
2' -acotainido-2' -deoxy-/S-D-glucopyranosyl) -6-0- 
benzoyl - 3 - O -methoxycarbonylmethyl - 2 -deoxy- 2 - 
acetanildo-oe-D-glucopyranoside (40) 

To a stirred solution of compound (39) (300 mg, 

0.34 mmol) and 18-crown-6 in dry THF (30 xviL) at 50 

under argon is added a 0.5 M solution of potassium 

hexamethyldisilazide (1.7 mL, 0.85 mmol) in toluene. 

The reaction mixture is stirred for 10 min then methyl 

2 -o- 1 rif luoromethanesulphonyloxyacetate (prepared from 

methyl glycolate in a similar manner to compound (4)) 

(300 mg, 1.36 mmole) is added to it. The reaction 

mixture is stirred for 3 h at 50 ®C then quenched with 

2 N HCl (0.5 mL) . Evaporation gives a yellow oily 

residue which is partitioned between dichlorome thane 

(75 mL) and water (70 mL) , dried (Na^SO^) and 

evaporated. Flash chromatography on silica using a 

solvent eluant gradietn of 2% -* 10% MeOH-DCM gives an 

upper fraction (80 mg) , TLC (5% MeOH-DCM) Rf 0.35, and 

a lower fraction co-running with coinpound (39) (120 

mg) , TLC (5% MeOH-DCM) Rf 0.25. FAB MS on the upper 

fraction gives mass peaks at 974 (M+Na)* and 1046 
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(dialkylated product + Na)^ No starting material is 
found in this upper fraction. FAB MS on the lower 
fraction gives mass peaks at 934 (M+Na-Ac)* and 902 
(starting material + Na)\ 

Dodecylcarbamoylxnethyl 4-0- (3' ,4' ,6' -tri-O-acetyl- 

2' -acotamido-2' -deoxy.^-D-glucopyranosyl) -6-0- 

benzoyl - 3 -O-carboxymethyl-2 -dooxy-2 -acetamido-a-D- 
glucopyranoside (41) 

An O.IM aqueous solution of potassium hydroxide 
(2.0 mL, 0.2 mmol) is added to a stirred ice-cold 
solution of compound (39) (120 mg, 0.12 mmol) in dioxan 
(15 mL) , and the reaction mixture is stirred until the 
starting material is consumed (by TLC, 10% MeOH-DCM, 
ca. 4 h) . The solution is neutralized with Amberlite 

resin and evaporated. The residue is dried by 
azeotropic distillation from toluene (20 mL) to, afford 
the crude title compound (41) (iio mg) . 

6.42. 

Dodecylcarbamoylmethyl 4-0- (3' ,4' -D±-0-acetyl-2' - 
acetaittido-2' -deoxy-^-D-glucopyranosyl) -6-0- 
benzoyl-3-0- tl(R) - (methoxycarbonyl) ethyl] -2-deoxy- 
2 - ac 6 tamido - of - D - glucopyrano s i de (42) 

Compound (39) (100 mg, 0.114 mmol) is treated with 

a 0.5M solution of potassium hexamethyl disilazide in 

toluene (0.46 mL, 0.23 mmol) and methyl 2 (S) -0-trif lyl 

lactate (53 mg, 0.23 mmol) and 18-crown-6 (lo mg) in 

THF (30 mL) as in example (40) to give after workup and 

chromatography, the title conpound as an yellow solid 

(60 mg) . FAB MS: 946 (M+Na)* and 902 (starting 

material +Na)* [contaminant]. 

6.43. 

DodecylcarbamoyliDethyl 4-0- (3' ,4' , 6' -Tri-0- acetyl- 
2' -acetain±do-2' -deoxy-/8-D.glucopyrano8yl) -6-0- 
ben2oyl-3-0- [1(R) . (carboxy) ethyl] -2-deoxy-2- 
acetamido-or-D-glucopyranoside (43) 
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Compound (42) (50 mg) is acetylated with excess 
pyridine (1 mL) and acetic anhydride (0.5 mL) and DMAP 
(10 tng) for 2 h at room temperature. The reaction 
mixture is diluted with dichloromethane (20 mL) and 
washed three times with 2 N HCl (3x20 mL) , dried over 
sodium sulfate and evaporated to a solid (50 mg) . This 
solid is dried under high vacuum overnight, then 
hydrolysed as for compound (42) to give crude compound 
(43) as an oil (35 mg) . 

6.44. Carboxynethyl 4 , 6 -O-benzylidene- 3 -O- 
[aie tboxycarbonylma thyl ] - 2 - deoxy- 2 - ace tamldo- 
a-D-glucopyranoBlde (49) 

Compound (14) is treated with sodium periodate and 
ruthenium (III) chloride as in compound (10) . Column 
separation gives compound 49 (73%) . NMR (CDCI3) 6 
7.95 (s, br, IH), 7.50-7.40 (m, 2H) , 7.40-7.30 (m, 3H) , » 
5.563 (s, IH), 5.434 (d, IH, J « 3 Hz,) 4.412 (ABq, 
2H), 4.35-4.15 (m, 3H) , 3.95-3.85 (m, 2H) , 3.750 (s, 
3H), 3.80-3.65 (m, IH) , 2.130 (s, 3H) . 

6 .45 . Dodecylcarbamoylmstbyl 4, 6-0-benzylideno-3-0- 
[me tboxycarbonylmethyl] - 2 -deoxy- 2 - acetamido- 
or-D-glucopyrano8lde ( 50 ) 

Compound (49) is treated with 1- 
hydroxybenzotriazole, l-cyclohexyl-3- (2- 
morpholinoethyl) carbodiimide metho-p-toluenesulf onate 
and dodecylamine as in compound (11) to give compound 
(50) (50%). NMR (CDCI3) 6 7.95 (s, IH) , 7.45-7.35 
(m, 2H) , 7.35-7.30 (m, 3H) , 6.52 (s, IH) , 5.539 (s, 
IH), 5.369 (d, IH, J = 2.1 Hz,) 4.404 (ABq, 2H) , 4.25- 

.20 (m, IH), 4.025 (ABq, 2H) , 3.85-3.80 (m, 2H) , 3.737 
^s, 3H), 3.80-3.65 (m, 2H) , 3.30-3.15 (m, 2H) , 2.044 
(s, 3H) , 1.60-1.45 (m, 2H) , 1.35-1.15 (m) , 0.837 (t, 
3H, J = 6.6 Hz) . 
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6 .46 .Dodecylcarbamoylmethyl 4, 6*0-benzyIldene-3-0- 
[ c arboxyme thy 1 1 - 2 - deoxy - 2 - ac e t aaiido - or -D - 
glucopyranoside (51) 

Compound (50) is dissolved in 1,4-dioxane and 
treated with O.IM aqueous solution of potassium 
hydroxide as in the preparation of conrpound (12) . 
Compound 51 is recovered in quantitative yield. NMR 
{CDCI3) 6 8.10 (s, br, IH), 7.50-7.40 (m, 2H) , 7.40- 
7.30 (m, 3H), 6.56 (s, br, IH) , 5.570 (s, IH) , 5.278 
(d, IH, J = 3.6HzJ 4.419 (s, 2H) , 4.260 (d, IH, J = 
5.7 Hz), 4.071 (ABq, 2H) , 4.00-3.90 (m, IH) , 3.90-3.65 
(ro, 3H) , 3.26 (m, 2H) , 2.072 (s, 3H} , 1.52 (m, 2H) , 
1.24 (m) , 0.874 (t, 3H, J = 6.75 Hz). Fab MS : 637 (M- 
H+2Na)*. 

6.47. 

cx,/?-D-Mazino8e pentaacetate (DLl) 

To a stirred solution of D-mannose (75 0.41 
mol) and 4-N,N-dimethyaminolpyridine (5 g) in dry 
pyridine (700 mL) at 0 «*C is added dropwise acetic 
anhydride (300 mL) . The resulting solution is stirred 
at room temperature for 16 h. The solvent is removed 
by evaporation. The residue is dissolved in ethyl 
acetate (500 mL) , washed with 1 M aquous HCl solution 
to pH 2 . The organic layer is washed with saturated 
NaHCOj to pH 7, separated, dried (Na^SOj and 
concentrated to give 160 g of DLl (100%) as a white 
solid. TLC (ethyl acetate :hexane 2:3) Rf 0.34. ^H NMR 
(CDCI3) 6 6.10 (d, 0.8H, J = 1.2 Hz, H-1) , 5.85 (d, 
0.2H, J = 1.3 Hz, H-1), 5.50-5.10 (m, 3H) , 4.60-4.00 
(m, 3H), 2.17 (s, 3H) , 2.16 (s, 3H) , 2.09 (s, 3H) , 2.05 
(s, 3H) , 2.00 (s, 3H) . 

6.48* 

Phenyl 2 , 3 , 4, 6-O-pentaacetyl-l-thio-D- 
siaxinopy r anos ide ( DL2 ) 
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To a stirred solution of DLl (160 g, 0.41 mol) and 
thiophenol (49 g, 0.45 mol) in methylene chloride (1 L) 
at 0 »C is added dropwise boron trifluoride diethyl 
etherate (116 g, 0.82 mol). The resulting solution is 
stirred at room temperature for 18 h. The reaction 
mixture is washed with saturated Na^COj to pH 7. The 
organic layer is separated, dried (NajSOJ and 
concentrated to give 180 g DL2 (100%) as a thick oil. 
TLC (ethyl acetate : hexane 2:3) Rf 0.42. NMR (CDClj) 
6 7.60-7.55 (m, 2H) , 7.35-7.20 (m, 3H) , 5.52 (s, IH) , 
5.35-5.29 (m, 3H) , 4.60-4.50 (m. IH) , 4.35-4.25 (m. 
IH), 4.20-4.10 (m, IH), 2.15 (s, 3H) , 2.07 (s, 3H) , 
2.05 (s, 3H) , 2.02 (s, 3H) . 

6.49. 

Phenyl thlo-a-O-naimopyranoside (DL3) 
To a stirred solution of DL2 (180 g, 0.41 mol) in 
anhydrous methanol (1 L) at 0 »C is added sodium 
methoxide (33 g, 0.61 mol) . The reaction mixture is 
stirred at room temperature for 16 h. To the milky 
suspension is added Amberlite IR120 (plus) ion exchange 
resin until the pH of the suspension reaches 6. The 
mixture is filtered. The filtrate is concentrated and 
co-evaporated with dry toluene (5 x 50 mL) . The 
residue is dissolved in a small amount of methanol. To 
the methanol solution is added ethyl acetate vmtil 
white solid precipitated out. Solid is collected by 
filtration to give 63 g of DL3 (56%) . The filtrate is 
concentrated to give an oily form of DL3 (45 g, 40%) 
whose TLC and NMR are identical with those of the 
solid. TLC (methanol: methylene chloride 1:4) Rf 0.63. 
*H NMR (D,0) 6 7.44 (m, 2H) , 7.27(m, 3H) , 5.38 (d, IH, 
J = 1.2 Hz), 4.15-4.00 (m, 2H) , 3.80-3.50 (m, 4H) . 

6.50. 

Phenyl 4, 6-O-benzylidene-l-thio-a-D- 
mannopyranos ids (DM ) 



wo 97/34623 



PCT/US97/04fi37 



59 

To a stirred solution of DL3 (3.5 g, 12.8 mmol) 
and benzylidene dimethyl acetal (2.15 g, 14 tnmol) in 
DMF (40 mL) is added toluenesulfonic acid (300 mg) . 
The solution is stirred at room temperature for 16 h. 
Solvent is removed by evaporation. The residue is 
dissolved in ethyl acetate, washed with saturated 
NaHCOa, then dried (Na2S04) . The solvent is evaporated 
to give 3 g (67%) of DL4 as a solid. TLC 
(methanol : methylene chloride 1:9) Rf 0.51. NMR 
(CDCI3) 6 7.52-7.46 (m, 4H) , 7.38-7.30 (m, 6H) , 5.60 
(S, IH), 5.58 (d, IH, J = 0.9), 4.40-4.20 (m, 3H) , 4.05 
(m, 2H) , 3.85 (t, IH) . Fab MS: 383 (M+Na)*. 

6.51. 

Phenyl 2-0-benzyl-4, 6-0-banzylidene-l-thlo-ar-D- 
mazmopyranoslde (DL5) 

To a Stirred solution of DL4 (5.66 g, 16 mmol) and 
benzyl bromide (3.80 g, 22.4 mmol) in DMF (50 mL) at 
room temperature is added silver oxide (5.5 g) . The 
suspension is stirred at room temperature for 48 h. 
The reaction mixture is filtered. Solvent is removed 
by evaporation. The residue is dissolved in ethyl 
acetate (50 mL) , washed with water, dried (NajSO^) and 
concentrated. Flash chromatography of the residue on 
silica (15% ethyl acetate in hexane) furnishes 3.6 g 

(50%) of DL5 as a thick oil. TLC (ethyl acetate : hexane 
1:4) Rf 0.3, NMR (CDCI3) 6 7.60-7.20 (m, 15H) , 5.58 

(s, 2H) , 4.70 (dd, 2H, J = 36.9 Hz, 11.7 Hz), 4.20""-4.05 

(ra, 4H) , 3.96 (t, IH, J « 9.6 Hz), 3.84 (t, IH, J = 

10.2 Hz) . 

6.52. 

Phenyl 3-0-allyl-2-0-benzyl-4, 6-0-ben2ylidene-l- 
thio-a-D-mannopyranoslde (DL6) 

To a stirred solution of DL5 (3.5 g, 7.7 mmol) in 
anhydrous DMF (50 mL) at 0 °C is added NaH (95%, 390 
mg) . The suspension is stirred for 30 min. Allyl 



wo 97/34623 



PCT/US97/04637 



60 

bromide (1.86 g, 15.5 mmol) is added. The mixture is 
stirred at room temperature for 18 h. Methanol is 
added until a clear solution is observed. Solvent is 
removed by evaporation. The residue is dissolved in 
ethyl acetate, washed with saturated NH.Cl, dried 
(NajSOJ and concentrated to give 3.6 g (95%) of DL6 as 
a thick oil. TLC (ethyl acetate :hexane 1:9) Rf 0.41. 

NMR (CDjOD) 6 7.55-7.26 (m, 15H) , 6.00-5.80 (m, IH) , 
5.63 (s, IH), 5.52 (d, IH, J = 1.5 Hz), 5.30 (dm, IH, J 
=17.4 Hz ), 5.20 (dm. IH, J = 10.5 Hz), 4.76 (s, 2H) , 
4.40-4.00 (m, 6H), 3.85 (d, 2H, J = 10.2 Hz). Fab MS: 
513 (M+Na)*. 

6.53. 

Phenyl 3-0-allyl-2, 6-di-0-benzyl-.l-thlo-o-D- 
nannopyranoside (DL7) 

To a stirred mixture of DL6 (3 g, 6.1 mmol), 
NaBHjCN (3.7 g, 17 mmol) and molecular sieves 3A (500 
mg) in anhydrous THF at 0 'C is added HCl ether 
solution (IM) until no air bxibbles can be observed. 
The mixture is stirred at 0 »C for 3 h or until TLC 
indicates the absence of starting material. The 
reaction mixture is poured into ice water. The mixture 
is extracted with ethyl acetate (3 x 30 mL), dried and 
concentrated. The residue is purified by flash 
chromatography (20% ethyl acetate in hexane) to give 
2.55 g (85%) of DL7 as a waxy solid. TLC (ethyl 
acetate: hexane 1:4) Rf 0.3. »H NMR (CDCl,) 6 7.50-7.20 
(m, 15H), 6.00-5.80 (m, IH) , 5.61 (d, IH, J = 1,2 Hz), 
5.35-5.20 (m, 2H) , 4.80-4.50 (m, 4H) , 4.30 (m, IH) , 
4.15-3.90 (m, 4H) , 3.80 (ra, 2H) , 3.60 (dd, IH, J - 9.3 
Hz, 3.0 Hz), 2.60 (bs, IH). Fab MS: 515 (M+Na)\ 

6.54. 

Phenyl 4-0-acetyl-3-0-allyl.2,6-di-0-benzyl-l. 
thio-a-D-inannopyranoslde (DL8) 
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To a stirred solution of DL7 (10 g, 20 nunol) and 
4-N,N-diinethylpyridine (500 mg) in dry pyridine is 
added acetic anhydride (3.1 g, 30 mmol) . The mixture 
is stirred at room temperature for 16 h. Solvent is 
removed by evaporation. The residue is dissolved in 
ethyl acetate, washed with cold aqueous HCl (IM) , 
saturated NaHCO,, dried (NajSO^) and concentrated to 
give 11 g (100%) of DL8 as a thick oil. TLC (ethyl 
acetate rhexane 1:2) Rf 0.73. NMR (CDCI3) 6 7.50- 
7.20 (m, 15H), 6,90-6.75 (m, IH) , 5.58 (d, IH, J = 1.5 
Hz), 5.40-5.20 (m, 3H) , 4.70 (d, 2H, J « 5.7 Hz), 4.50 
(d, 2H, J « 2.4 Hz), 4.15-3.90 (ra, 4H) , 3.75-3.60 (m, 
3H) , 2.02 (s, 3H) . 

6.55. 

Phenyl 4-O-acotyl-3-0-allyl-2, 6-di-O-benzyl-l- 
thio-a-D-mannopyrcuioBide S-oxide (DL9) 

To a stirred solution of DL8 (11 g, 20 mmol) in 

ethyl acetate (100 mL) at -30 is added dropwise 

mCPBA (68.7%, 5.17g, 20 mmol) in ethyl acetate (20 mL) . 

The solution is stirred at 

-30 *>C for 30 min until TLC indicates the absence of 
starting material. The cold solution is washed with 
concentrated NajCO,. The organic layer is dried 

(NajSOj and concentrated to give 11.5 g (100%) of DL9 
as a thick oil. TLC (ethyl acetate thexane 1:2) NMR 

(CDCI3) 6 7.60-7.20 (m, 15H) , 5.80 (m, IH) , 5.40-5.20 

(m, 3H), 4.70-4.00 (m, lOH) , 3.60 (ra, 2H) , 2.05 (s, 

3H) . Fab MS: 573 (M+Na)*. 

6.56. 

Methoxycarbonylmethylexiyl 4 -O - acetyl - 3 -O- ally 1 - 
2, 6-di-0-benzyl-0(-D-inannopyraiiO8ide (DLIO) and 
Methoxycarbonylsiethylenyl 4-O-acetyl -3-0-allyl- 
2 , 6 - di • O - benzyl - - D -znazmopyr ano s ide ( DL 11 ) 

To a stirred solution of DL9 (10.6 g, 19.3 mmol) 

in dry toluene (200 mL) at -78 **C is added 

trif luoromethanesulf onic anhydride (5.4 g, 19.3 mmol). 
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After 30 min stirring, 2,6-di-t-butyl-4-inethylpyridine 
in toluene {20 mL) is added. The mixture is stirred 
for 20 min. Methyl glycolate (1.8 g, 20 ramol) is 
added. The solution is stirred at -78 to -70 °C for 2 
h. The reaction is quenched with saturated NaHCOj 
solution (100 niL) , extracted with ethyl acetate (3 x 
100 ml), dried (Na^SOJ and concentrated. The residue 
is purified by flash chromatography (10 25% ethyl 
acetate in hexane) to give 4 g (41%) of DLIO and 2 g 
(20.5%) of DLll as thick oils. DLIO: TLC (ethyl 
acetate: hexane 1:2) Rf 0.43. NMR (CDCI3) 6 7.40- 
7.20 (m, lOH), 6.00-5.80 (m, IH) , 5.27 (dm, IH, J = 
17.1 Hz), 5.18 (dm, IH, J = 10.5 Hz), 5.04 (d, IH, J = 
1.8 Hz, H-1^) , 4.73 (dd, 2H, J = 24.6 Hz, 12.6 Hz) , 
4.61 (s, 2H), 4.22-3.75 (m, lOH) , 3.72 (s, 3H, CO^CH^) , 
3.55 (m, 2H) , 1.97 (s, 3H) . Fab MS: 537 (M+Na)*. 
DLll: TLC (ethyl acetate: hexane 1:2) Rf 0.31. ^H NMR 
(CDClj) 6 7.50-7.25 (m, lOH) , 5.95-5.85 (m, IH) , 5.30- 
5.05 (m, 2H), 4.89 (dd, 2H, J = 27.3 Hz, 12,3 Hz), 4.52 
(d, IH, J = 3.0 Hz, H-la), 4.38 (d, IH, J = 6.0 Hz), 
4.05-3.37 (m, 12H), 1.97 (s, 3H) . Fab MS : 537 (M+Na)*. 

6-57- 

Methoxycarbonyljaothylonyl 3-0-allyl-2 , 6-di-O* 
benzyl-a-D-xnannopyranoaide (DL12 ) 

To a stirred solution of DLIO (4.0 g, 7.78 mmol) 

in anhydrous methanol (150 mL) at room temperature is 

added sodium methoxide (420 mg, 7.78 ramol) . The 

solution is stirred for 3 h. Amberlite IR-120 (plus) 

ion exchange resin is added until the pH of the 

solution reaches 7. The mixture is then filtered and 

concentrated. The residue is dissolved in ethyl 

acetate (50 mL) , washed with HjO, dried (NajSO,) and 

concentrated. The residue is purified by flash 

chromatography (30% ethyl acetate in hexane) to give 

2.5 g (68%) of DL12 as a thick oil. TLC (ethyl 

acetate: hexane 1:2) 0.25. *H NMR (CDClj) 6 7.36- 7.26 
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(m, lOH) , 6.00-5.80 (m, IH) , 5.27 (dm, IH, J = 17.1 
Hz), 5.18 (dm, IH, J = 10.5 Hz), 5.04 (d, IH, J = 1.8 
Hz), 4.69 (d, IH, J = 3,6Hz), 4.60 (d, IH, J = 4.2 Hz), 
4.22-3.75 (m, lOH) , 3.73 (s, 3H, COCHj) , 3.65 (dd, IH, 
J = 9.6 Hz, 3.3 Hz). 2. 58 (bs, IH) . Fab MS: 496 

(M+Na+H)*. 

6.58. 

Phenyl 2, 3,4, 6-tetra-O-pivaloyl-l-thio-o-D- 
glucoslde S*oxide (DL121) 

A stirred solution of D-glucose (20 g, 111 mmol), 
trimethyacetyl chloride (80 g, 666 mmol) and DMAP (400 
mg) in pyridine (150 mL) is heated at 80 °C for 48 fa- 
Solvent is removed by evaporation. The residue is 
dissolved in ethyl acetate (150 mL) , washed with cold 
aqueous HCl (IM) to pH 2, washed with saturated NaHCOj, 
dried (Na^SOj and concentrated. The residue (70 g) 
and thiophenol (13 mL, 130 mmol) are dissolved in 
methylene chloride (200 mL) . To the ice bath cooled 
solution is added dropwise BFj.EtaO (34 g, 240 mmol) . 
The mixture is stirred at room temperature for 16 h and 
neutralized with saturated NaHCOj. The organic layer 
is dried (NaaSOj and concentrated. The residue (10 g, 
16.4 mmol) is dissolved in ethyl acetate (100 mL) and 
cooled to -30 °C. The mCPBA (4.1 g, 16.4 mmol) in 
ethyl acetate (30 mL) is added dropwise. The mixture 
is stirred at -30 for 30 min, washed with saturated 
Na^COj to pH 8, dried (NajSO^) and concentrated. The" 
residue is purified by flash chromatography (20% ethyl 
acetate in hexane) to give 8 g of DL121 as a solid. 
TLC (30% ethyl acetate in hexane) Rf 0.45. ^H NMR 
(CDClj) 6 1.1^ (m, 2H), 7.54 (m, 3H) , 5.35 (t, IH, J = 
9.3Hz), 4.99 (dd, 2H, J = 10.2Hz, 9.0Hz), 4.87 (t, IH, 
J = 9.9Hz), 4.54 (d, IH, 10.2Hz), 4.15-3.95 (m, 2H) , 
3.76-3.71 (m, IH) , 1.22 (s, 9H) , 1.90 (s, 27H) . 
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6.59. 

Methoacycarbonylmethylenyl 3-0-allyl-2 , 6-di-O- 
benzyl -4 -O- (2', 3', 4', 6'- tetra-0-pivaloyl - 1 -^-D- 
glucosyl) -o-D-naimopyranoBide (DL13 ) 

To a stirred solution of phenyl 2,3,4,6-tetra-O- 

pivaloyl~l-thio-a-D-glucoside S-oxide (DL121, 6.9 g, 11 

mmol) and 2 , 6-di-tert-butyl-4-methylpyridine (2.25 g, 

11 mmol) in ethyl acetate/hexane (1:1, 60 mL) at -70 **C 

is added trif luoromethanesulf onic anhydride {3.1 g, 11 

mmol) . The solution is stirred for 30 min. at -70 ^'C. 

DL12 in ethyl acetate/hexane (1:1, 15 mL) is added. 

The solution is stirred at -65 »C for 2.5 h and 

quenched with saturated NaHCOj (30 mL) . The organic 

layer is separated. The aqueous layer is extracted 

with ethyl acetate (3 x 30 ml) . Theextracts are 

combined and dried (NajSOJ , concentrated and purified 

by flash chromatography (20% ethyl acetate in hexane) 

to give 5.0 g (93%) of DL13 as a thick oil. TLC (ethyl 

acetate: hexane 1:2) Rf 0.50. NMR (CDClj) 6 7.40- 

7.30 {m, lOH) , 5. 95-5. BO (m, IH) , 5.32 - 4.69 (m, IIH) , 

4.37 (d, IH, J = 12Hz) , 4.25-3.58 (m, 17H) , 3.35 (bs, 

IH) , 1.22-1.05 (m, 36H) . Fab MS : 993 (M+Na)*. 
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6.60. 

Hydroacycarbonylmothylenyl 3-.0-allyl-2, 6-di-O- 
bonzyl-4.0- (2' ,3' ,4' ,6' -tetra-O-pivaloyl-l-/?-!)- 
glucosyl) -a^D-mazmopyranoslde (DL14) 

A solution of DL13 (5 g, 5.15 mmol) in aqueous KOH 

(O.IM) /dioxane (1:1, 60 mL) is stirred at room 

temperature for 24 h, Amberlite IR-120 (plus) ion 

exchange resin is added until the pH of the solution 

reaches 6. The mixture is filtered, concentrated and 

co-evaporated with dry toluene {3 x 20 mL) to give 4.7 

g (95%) of DL14 as a thick oil. TLC 

(methanol : methylene chloride 1;9) Rf 0.5. *H NMR 

(CDClj) 5 7.40-7.05 (m, lOH) , 5.95-5.80 (m, IH) , 5.31- 

4.65 (m, 7H), 4.36 (d, IH, J = 12H2) , 4.25-3.59 (m, 

14H), 3.38 (bs, IH) , 1.18 (s, 3H) , 1.17{s, 3H) , 1.12 

(S, 3H) , 1.10 (s, 3H) . 

6.61. 

Dodecylcarbamoylxne thylenyl 3 «0- allyl - 2,6-di-O- 
bon»yl-4-0-(2',3' ,4',6'-tetra-0-pivaloyl-l-/S-D- 
glucoByl) -or-D-maxmopyranoside (DL15) 

A mixture of the compound DL14 (2 g, 2.1 mmol) , 

DCC (650 mg, 3.15 mmol), HOBT (425 mg, 3.15 mmol) and 

dodecylamine (583 mg, 3.15 mmol) in methylene chloride 

(30 mL) is stirred at room temperature for 16 h. The 

mixture is filtered and concentrated. The residue is 

purified by flash chromatography (30% ethyl acetate in 

hexane) to give 2 g (84%) of DL15 as a thick oil. TLC 

(ethyl acetate: hexane 1:2) Rf 0.3. 'H NMR (CDClj) 6 

7.41-7.25 (m, lOH), 6.35 (t, IH, J = 5.7 Hz, CONH) , 

5.95-5.80 (m, IH), 5.30 (dd, IH, J « 17.1, 1.8 Hz), 

5.65 (dd, IH, J ^ 10.5, 1.8 Hz), 5.05-4.85 (m, 4H) , 

4' '9 (s, IH) , 4.75 (s, IH) , 4.40-3.90 (m, 14H) , 3.75- 

3.13 (m, 4H), 1,27-1.09 (m, 56H> , 0.87 (t, 3H, J = 

7.0Hz). Pab MS: 1147 (M+Na+H)*. 
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6.S2. 

DodecylcarbaJDoylmethyl nyl 2, 6-di-o-ben2yl-4-0- 

{2' ,3' ,4%6'-tetra-0-p±valoyl-l-/S-D-glucosyl) -a-D- 
maxmopyranoslde (DLI6 ) 

To a solution of DL15 (800 mg, 0.7 mmol) in 
methanol (25 mL) is added PdClj (64 mg) . The 
suspension is stirred at room temperature for 2 . 5 h or 
until TLC indicates the absence of starting material. 
The suspension is filtered. The filtrate is 
concentrated and purified with a short silica column 
(35% ethyl acetate in hexane) to give 720 mg (93%) of 
DL16 as a thick oil. TLC (35% ethyl acetate in hexane) 
Rf 0.45. NMR (CDCI3) 6 7.45-7,25 (m, ICH) , 6.45(t, 

IH, J = 5.7Hz), 5.10-4.70 (m, 6H) , 4.40-3.10 (m, 16H) , 
1,40-1.05 (m, 56H), 0.87 (t, 3H, J 7.OH2). Fab MS : 
1106 (M+Na)*. 



6.63. « 

Dodecylcarbamoylmethylenyl 2, 6-di-0-ben2yl-3-0- 
Il' (R) . (carboxy)ethylj -4-0- (2' ,3' ,4' , 6' -tetra-O- 

pivaloyl*l-/;-D-gluco8yl) -a-D-mannopyranoside 
(DL17 ) 

To a stirred solution of DL16 (720 mg. 0.66 mmol) 
in dry THP at room temperature is added sodivun hydride 
(95%, 66 mg, 2.6 mmol). The suspension is stirred at 
for 30 min. The reagent (s) - (-) -2-bromopropionic acid 
(150 mg, 1 mmol) is added. The mixture is stirred for 
16 h. Methanol (2 mL) is added. The solution is 
evaporated. The residue is dissolved in ethyl acetate 
and washed with aqueous HCl (IM) . The organic layer is 
dried (NajSO,) , concentrated and purified by flash 
chromatography (6-8% methanol in methylene chloride) to 
give 500 mg (65%) of DL17 as a thick oil. TLC (10% 
methanol in methylene chloride) Rf 0.45, NMR 
(CDCI3) 6 7.45-7.20 (m, lOH). 6.65 (t, IH, J = 6.0Hz). 
5.3-3.1 (m. 23H), 1.26-1.09 (m, 56H) , 0.87 (t. 3H, J = 
7.0Hz). Fab MS: 1205 (M+2Na+4) . 
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6.64. 

Dodecylcarbamoylmethylenyl 3-0- [1' (R) - 

(carboxy) ethyl] -4-0- (2' ^3' ,4' ,6' - tetra-O-pivaloyl- 

l.^.D.glucosyl) -a-D-naxmopyranoside (DL18) 

A suspension of DL17 (500 mg, 0.5 mmol) and 

palladium on carbon (10%, 300 mg) in ethanol (10 mL) is 

subjected to hydrogenolysis at 50 psi for 48 h. The 

suspension is filtered and concentrated to give 400 mg 

(95%) of DL18 as a thick oil. NMR (CD3OD) 6 4.40- 

3.20 (m, 19H) , 1.55-1.05 (m, 56H) , 0.87 (t, 3H, J « 

7,2Hz). Fab MS: 1020 (M+2Na-H) . 

6.65. 

Dodecylcarbaxnoylmethylenyl 2 , 6-di-0-acetyl-3-0- 
[1' (R) - (carboxy) ethyl] -4-0- (2' ,3' ,4' ,6' -tetra-O- 

pivaloy 1 • 1 * ^ -D- glucosyl ) -or- D -mannopyranoBide 
(DL19) 

A solution of DL18 (340 mg, 0.35 mmol), acetic 
anhydridfe (107 mg, 3.15 mmol) and DMAP (10 mg) in dry 
pyridine is stirred at room temperature for 16 h. The 
solution is evaporated. The residue is dissolved in 
ethyl acetate (10 mL) and added to aqueous HCl (2M, 5 
mL) . The mixture is stirred for 2 h at room 
temperature. The organic layer is dried (NajSOj , 
concentrated and purified by flash chromatography (2- 
10% methanol in methylene chloride) to give 55 mg (17%) 
of DL19 as a thick oil. TLC (10% methanol in methylene 
chloride) 0.65. 'H NMR (CD3OD) 6 5.40-3.20 (m, 19H) , 
2.10 (m, 6H), 1.50-1.05 (m, 56H) , 0.85 (t, 3H, J = 
0.70Hz). Fab MS: 1105 (M+2Na) . 

6.66. 

Phenyl 2 -deoxy-2 -N-phthalimido-l, 3,4,6- tetra-0- 
acetyl-or-D-glucopyranoside (RCl) 

To a suspension of D-glucosamine hydrochloride (30 
g, 138.9 mmol) in methanol (300 mL) is added Amberlite 
RA-400 (OH) ion exchange resin (99.2 mL, 138. 9 mmol) . 
The reaction mixture is stirred at room temperature for 
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1 h. The resin is removed by filtration, and the 
filtrate is treated with phthalic anhydride (20.6 g, 
138.9 nrool) . The reaction mixture is stirred at room 
temperature for 1.5 hr, and the solid intermediate is 
collected by filtration and dried. Phthalic anhydride 
(20.6 g, 138.9 mmol) is added to the filtrate, and the 
reaction mixture is stirred at room temperature 
overnight. More solid intermediate is obtained. The 
two portions of intermediate are combined (29.5 g, 
64%). Next, 6 g (21.3 mmol) of the intermediate is 
dissolved in dichloromethane (70 mL) . Pyridine (26 mL, 
319.5 mmol), acetic anhydride (20 mL, 213 mmol) and 
DMAP (0.4 g, 15%) is added. After stirring at room 
tenporature overnight, dichloromethane (100 mL) is 
added. The reaction solution is washed consecutively 
with IN HCl (2 x 100 mL) , saturated aqueous sodium 
bicarbonate (2 pc 100 mL) , water (2 x 100 mL) and brine 
(2 X 100 mL) , dried (Na^SOJ and concentrated. The 
crude product (CJy) is used for the next step without 
further purification. TLC (EtOAc-Hexane 1:1) Rf 0.35. 
*H NMR (CDCI3) 6 7.85-7.72 (m, 4H) , 6.55 (dd, IH, 
J-9.3HZ), 6.27 (d, IH, J=3,3H2), 5.15 (t, IH, J=9.3Hz), 
4.71 (dd, IH, J=3.3H2), 4.40-4.28 (m. 2H) , 4.12 (m, 
IH), 2.21 (s. 3H), 2.11 (s, 3H), 2.09 (s, 3H) , 2.05 (s, 
3H). »C NMR (CDCl,) 6 170.59, 169.71, 169.45, 169.24, 
167.37, 134.40, 131.17, 123.67. 90.52. 70.19, 69.48, 
67.04, 61.57, 52.83, 20.87, 20.63, 20.55. 

6.67. 

Phenyl 2 - deoxy- 2 -N-phthallmido - 1 - thio- 3 ,4,6-tri-O- 
acetyl-/S-D-glucopyranoside (RC2) 

To a cooled (0 °C) solution of RCl (32 g, 67 mmol) 
in anhydrous dichloromethane (200 mL) is added 
thiophenol (7.6 mL, 73.7 mmol) followed by boron 
trifluoride etherate (16. 5 mL, 134 mmol). The reaction 
mixture is allowed to warm up to room temperature and 
is stirred at 50 «»C overnight. Dichloromethane (lOO 
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mL) is added. The reaction solution is washed 
consecutively with saturated aqueous sodium bicarbonate 
(2 X 200 mL) , water (2 x 200 mL) and brine (2 x 200 
raL) , dried (NajSO^) and concentrated. The resulting 
product RC2 (Qy) is used for the next step without 
further purification. TLC (EtOAc-Hexane 1:1) Rf 0.45. 

NMR (CDCla) 6 7.90-7.26 (m, 4H) , 7.43-7.26 (m, 5H) , 
5.80 (t, IH, J=9.3H2), 5.71 (d, IH, J=10.5H2), 5.14 {t, 
IH, J-9.3HZ), 4.35 (t, IH, J»9.3Hz), 4.30-4.18 (m, 2H) , 
3.80 (m. IH), 2.10 (s, 3H) , 2.02 (s, 3H) , 1.84 (s, 3H) . 

6.68* 

Phenyl 2 - deoxy- 2 -H-phthaliaido - 1 - thio - -D - 
glucopyranoside (RC3 ) 

To a solution of RC2 (34.0 g, 64.5 mmol) in 
methanol (200 mL) is added sodium methoxide (3.5 g, 
64.8 mmol) . The reactiqn mixture is stirred at room 
temperature overnight. Amberlite IR-120 plus (H) ion- 
exchange resin (50 mL, 95 mmol) is added. The mixture 
is stirred for Ih. The resin is removed by filtration 
and the filtrate is dried (MgSOJ and concentrated. 
The resulting product RC3 (Qy) is used in the next step 
without further purification. TLC (EtOAc-Hexane 7:3) 
Rf 0.42. NMR (CDCl^) 6 7.84-7.22 (ro, 9H) , 5.64 (d, 

IH, J=10.2Hz), 4.35 (t. IH, J=8.7Hz), 4.20 (t, IH, 
J=10.2Hz), 3.90 (m, 2H) , 3.67 (t, IH, J=8.7H2), 3.57 
(m, IH) . 

6.69 

Phenyl 2-daoxy-4, 6-iBopropylidino-2-N-phthalliiiido- 
1 - thlo - ^ -D - glucopyr anoside ( RC4 ) 

To a solution of RC3 (54.0 g. 134.6 mmol) in 2,2- 
dimethoxypropane (200 mL) is added p-toluenesulf onic 
acid (2.6 g, 13.46 mmol). The reaction mixture is 
stirred at room temperature overnight. Ethyl acetate 
(200 mL) is added. The reaction mixture is washed with 
saturated aqueous sodium bicarbonate (2 x 300 mL) , 
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water (2 x 300 mL) and brine (2 x 300 rnL) , dried 
(NajSOj and concentrated. The resulting product RC4 
(Qy) is used in the next step without further 
purification. TLC (EtOAc:Hexane 1:1) Rf 0.6. NMR 
(CDCI3) b 7.89-7.22 (m, 9H) , 5.65 (d, IH. J=10.5Hz), 
4.47 (m, IH) , 4.28 (t, IH, J=10.2Hz), 3.99 (q, IH, 
J-5.4H2), 3.82 (t, IH, J»10.5H2), 3.63 (t, IH, 
J=9.3Hz), 3.53 (m, IH) , 2.34 (d, IH, J=3Hz) , 1.52 (s, 
3H) , 1.42 (s, 3H) . 

6.70. 

Phenyl 2-deoxy-4, 6-i8opropylldiae-3-0-p- 

in« thoxybenzy 1 - 2 -N-phthaliaido - 1 - thio- |5-D- 
glucopyranoside ( RC5 ) 

A solution of RC4 (60 g, 136 mmol) in 
tetrahydrofuran (200 mL) is added in a dropwise manner 
to a suspension of sodium hydride (6.87 g, 272 
mmol) /tetrahydrofuran (30 mL) . »p-Methoxyben2yl 
chloride (27.66 mL, 204 mmol) is added. The reaction 
mixture is stirred at 65 '>C for 24 h. The reaction is 
quenched with 2N HCl (200 mL) and ethyl acetate (300 
mL) is then added. The organic layer is separated and 
washed with water (2 x 300 mL) and brine (2 x 300 mL) , 
dried (NajSOJ and concentrated. The residue is 
purified by flash chromatography (EtOAc:Hexane 3:7, 
2:3, 1:1) to furnish RC5 (35 g, 63%) and RC4 (16.2 g) 
as viscous liquids. TLC (EtOAc-Hexane 3:7) Rf 0.4, TLC 
(EtOAc-Hexane 1:1) Rf 0.5. ^H NMR (CDClj) 6 7.80-7.13 
(m, 9H), 6.85 (d, 2H, J=9Hz) , 6.32 (d, 2H, J=9Hz) , 5.55 
(d, IH, J=10.5HZ), 4.60 (d, IH. J=12H2) , 4.34 (d, IH, 
J=12Hz), 4.18 (m, 2H) , 3.93 (q, IH, J=5.4H2), 3.77 (m, 
2H), 3.53 (s. 3H). 3.49 (m, IH) . 1.48 (s, 3H) , 1.41 (s, 
3H) . 

6.71. 

Phenyl 2 -deoxy-3 -0-p-inethoxyben2yl-2 -N- 
phthallaido-l-thio-^-D-glucopyranoside (RC6) 
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To a solution of RC5 (3,6 6.42 mmol) in 
methanol (36 mL) is added toluenesulf onic acid (0.12 
0.642 mmol). The reaction mixture is stirred at room 
temperature for 4.5 h. Amberlite RA-400 (OH) ion 
exchange resin (4.6 mL, 6.44 mmol) is added, and the 
mixture is stirred for 1 h. The resin is removed by 
filtration, and the filtrate is dried (Na2S04) and 
concentrated. The resulting product RC6 (Qy) is used 
for the next step without further purification. TLC 
(EtOAc-Hexane 7:3) Rf 0.2. NMR (CDCI3) 6 7.84-7.22 

(m, 9H) , 6.98 (d, 2H, J=8.7Hz), 6.51 (d, 2H, J=8.7Hz), 
5.60 (d, IH, J=9.6H2), 4.58 (d, IH, J=12Hz) , 4.55 (d, 
IH, J=12Hz) , 4.24 (m, 2H) , 3.99-3.67 (m, 3H) , 3.64 (s, 
3H) , 3.57 (m, IH) . 

6.72* 

Phenyl 6 -0-benzy 1 • 2 - deoxy - 3 - 0 -p -motboxybenzyl - 2 -N- 
phthal imido - 1 - thio - - D - g lucopy r ano s ide ( RC7 ) 

A solution of RC6 (7.39 g, 14.2 mmol) in toluene 

(100 mL) is heated under reflux for 1 h. Dibutyltin 

oxide (3.45 g, 14.2 mmol) is added. The reaction 

mixture is heated under reflux overnight. 

Tetrabutyl ammonium iodide (5.24 g, 14.2 mmol) and 

benzyl bromide (2.2 mL, 18.5 mmol) are added to the 

reaction mixture and stirred at 80 °C for 32 h. Ethyl 

acetate (150 mL) is added. The reaction mixture is 

washed with water (2 x 150 mL) and brine (2 x 150 mL) , 

dried (NajSO^) and concentrated. The residue is 

purified by flash chromatography (EtOAc:Hexane 3:7 to 

3:2) to furnish RC7 (6 g, 69%) as a viscous liquid. 

TLC (EtOAc-Hexane 1:1) Rf 0.45. 'H NMR {CDCI3) 6 7.84- 

7.18 (m, 9H) , 6.95 (d, 2H, J=9Hz) , 6.44 (d, 2H, J=9Hz) , 

5.56 (d, IH, J=10.2Hz), 4.64 (d, IH, J=12.3Hz), 4.60 

(ABq, 2H) , 4.55 (d, IH, J=12.3Hz), 4.22 (m, 2H) , 3.80 

(m, 3H) , 3.71 (q, IH, J=5.1Hz), 3.62 (s, 3H) , 2.85 (d, 

IH, J«2.7Hz). Fab MS: 635 (M+H+Na)*. 
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6.73. 

Phenyl 2 -deoxy- 2 -N-phthalixnido - 1 • thio- 3,4,6- tri -0- 
benzyl-/9-D-glueopyrano8ide (RC8) 

A solution of RC3 (22.5 9, 56,1 nimol) in 

tetrahydrofuran (150 mL) is dropped into a suspension 

of sodium hydride (8.5 g, 336.6 mmol) /tetrahydrofuran 

(20 mL) . Benzyl bromide (24 mL, 202 mmol) is added. 

The reaction mixture is stirred at 65 overnight. 

The reaction is quenched with 2N HCl (100 mL) and ethyl 

acetate (200 mL) is added. The organic layer is washed 

with water (2 x 200 mL) and brine (2 x 200 mL) , dried 

(NajSOJ and concentrated. The residue is purified by 

flash chromatography (EtOAcrHexane 1;9, 1:4, 3:7) to 

furnish RC8 (17.42 g, 46%) as a viscous liquid. TLC 

{EtOAc-Hexane 3:7) Rf 0.55. NMR (CDClj) 6 7.82-6.83 

(m, 24H), 5.53 (d, IH, J=10.5Hz), 4.85-4.54 (m, 5H) , 

4.38 (m, 2H) , 4.25 (m, IH) , 3-85-3.68 (m, 4H) . Fab MS : 

694 (M+Na)*. 

6.74. 

Dodecyl 2-deoxy-2-N-phthalinildo-3,4, S-^tri-O- 
ace ty 1 - /3 - D - glucopyr ano s Ide ( RC9 ) 

To a stirred mixture of RCl (9.85 g, 20.6 mmol), 
1-dodecanol (3.8 g, 20.6 mmol) and molecular sieves in 
dichloromethane (50 mL) is added trimethylsilyl 
trifluoromethanesulfonate (10 mL, 51.5 mmol) . The 
reaction mixture is stirred at room temperature for 3 
h. The reaction mixture is poured into saturated 
aqueous sodium bicarbonate (100 mL) , and ethyl acetate 
(100 mL) is added. The organic layer is separated and 
washed with water (2 x 150 mL) and brine (2 x 100 mL) , 
dried (Na2S04) and concentrated. The residue is 
purified by flash chromatography (EtOAc:Hexane 3:7) to 
furnish RC9 (7.83 g, 63%) as a white powder. TLC 
(EtOAc-Hexane 3:7) Rf 0.55. *H NMR (CDCI3) 6 7.88-7.72 
(m, 4H) , 5.79 (dd, IH, J=9.3Hz), 5.35 (d, IH, J=8.7Hz), 
5.17 (t, IH, J-10.2HZ), 4.31 (m, 2H) , 4.16 (dd, IH, 
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J=2.4Hz), 3.84 (m, 2H) 3.41 (m, IH) , 2.11 (s, 3H) , 
2,03 (s, 3H), 1.87 (s, 3H) , 1.25-1.00 (m, 20H) , 0.88 
(t, 3H, J«7.2Hz). Fab MS: 626 (M+Na)*. 

6.75^ 

Dodecyl 2-deoxy-2-N-phthaliziiido-/3-D- 
glucopyrsuioslde (RCIO ) 

To a solution of RC9 (10.35 g, 17.1 iranol) in 
methanol (50 ttiL) is added sodium methoxide (0.93 
17.1 mmol) . The reaction mixture is stirred at room 
temperature for 3 h. Amberlite IR-120 plus (H) ion- 
exchange resin (12 mL, 2.04 mmol) is added. The 
reaction mixture is stirred for l h. The resin is 
removed by filtration, and the filtrate is dried 
(MajSO^) and concentrated. The resulting product RCIO 
(Qy) is used in the next step without further 
purification. TLC (EtOAc) Rf 0.60. NMR (CDjOD) 6 
7.88-7.80 (m, 4H) , 5.15 (d, IH, J=8.4Hz), 4.25 (dd, IH, 
J=8.4Hz), 4.00-3.82 (m, 3H) , 3.75 (dd, IH, J=5.4Hz), 
3.42 (m, 3H) , 1.37-1.00 (m, 20H) , 0.88 (t, 3H, 
J=6.9Hz). Fab MS: 500 {M+Na)\ 

6.76. 

Dodecyl 2 -deoxy-4 , 6 - i8opropylidine-2 -N- 
phthal ialdo - ^ - D - glucopyr anos ide ( RCl 1 ) 

To a solution of RCIO (5.7 g, 11,95 mmol) in 2,2- 

dimethoxypropane (50 mL) is added p-toluenesulfonic 

acid (285 mg, 15%) . The reaction mixture is stirred at 

room teirperature for 5 h. Ethyl acetate (100 mL) is 

Sadded. The organic layer is separated and washed with 

saturated aqueous sodium bicarbonate (2 x 150 mL) , 

water (2 x 150 mL) and brine (2 x 150 mL) , dried 

(NajSO^) and concentrated. The residue is purified by 

flash chromatography (EtOAcrHexane 3:7 to 3:7) to 

furnish RCll (2.02 g, 39%) as a viscous liquid. TLC 

(EtOAc:Hexane 1:1) Rf 0.6. 'H NMR (CDCl,) 6 7.85-7.69 

(m, 4H), 5.19 (d, IH, J=8.4H2), 4.42 (dd, IH, J=8.7H2), 
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4.16 (dd, IH, J=8.7H2), 3.95 (q, IH, J=5.4Hz), 3.80 (m, 
2H). 3.60 (t, IH, J=6.9Hz). 3.45-3.62 (m, 2H) , 1.50 (S, 
3H), 1.41 (s, 3H), 1.30-0.99 (m, 20H) , 0.86 (t, 3H, 
J»6.9Hz). Pab MS: 517 (M+Na)*. 

6.77. 

Dodecyl 2-deoxy-4,6-i8opropylidino-3-0-p- 

inath03cyb«nzyl-2-N-phthaliinido-i8-D-glucopyrano8ide 
(RC12) 

A solution of RCll (2.0 g, 3.87 mmol) in 
tetrahydrofuran (12 mL) is added dropwise to a 
suspension of sodium hydride (147 mg, 5.81 
mmol) /tetrahydrofuran (3 mL) . p-Methoxybenzyl chloride 
(0.79 mL, 5.81 mmol) is added. The reaction mixture is 
stirred at 65 »C for 24 h. The reaction is quenched 
with 2N HCl (20 mL) and ethyl acetate (50 mL) is added. 
The organic layer is separated and washed with water (2 
X 100 mL) and brine (2 x 100 mL) , dried (Na,SO«) and 
concentrated. The residue is purified by flash 
chromatography (EtOAciHexaae 3:7) to furnish RC12 (1.28 
g, 63%) as a viscous liquid. TLC (EtOAc-Hexane 3:7) Rf 
0.6. NMR (CDCl,) 6 7.86-7.60 (m, 4H) , 6.85 (d, 2H, 

J=9Hz). 6.40 (d, 2H, J«9Hz) , 5.14 (d, IH, J=8.4Hz), 
4.61 (d, IH, J=12HZ), 4.38 (d, IH, J=12Hz) , 4.14 (m, 
2H), 3.97 (q, IH, J=5.4Hz) , 3.80 (m, 3H) , 3.62 (s, 3H) , 
3.49-3.30 (m, 2H), 1.54 (s, 3H) , 1.47 (s, 3H) , 1.3-0.96 
(m, 20H), 0.88 (t, 3H, J=6.9Hz). Fab MS: 660 (M+Na)-. 

6.78. 

Dodecyl 2-«cetainido-2-deoxy-4, 6-isopropylidine-3- 
0-p-]iiftthoxybenzyl-/9-D-glucppyranoBlde (RC13 ) 

A solution of RC13 (623 rag, 1 mmol) and hydrazine 
h; irate (1 mL, 20 mmol) in 95% BtOH (10 mL) is heated 
under reflux for 6.5 h. White precipitate is filtered 
off, and the filtrate is concentrated. The residue is 
dissolved in pyridine (10 mL) and acetic anhydride (1.4 
mL, 15 mmol) . The reaction mixture is stirred at room 
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temperature for 2 h. Methanol (0.8 mL) is added, and 
the reaction mixture is stirred at room temperature for 
1 h. Ethyl acetate is added (100 mL) and the reaction 
mixture is washed with saturated aqueous sodium 
bicarbonate (2 x 50 mL) , water (2 x 100 mL) and brine 
(2 X 50 mL) , dried (NajSO^) and concentrated. The 
residue is purified by flash chromatography (EtOAc- 
Hexane 3:17 to 3:7) to furnish RC13 (320 mg, 60%) as a 
viscous liquid. TLC (EtOAc-Hexane 3:7) Rf 0.6, TLC 
(EtOAc-Hexane 1:1) Rf 0.25. *H NMR (CHDClj) 6 7.22 (d, 
2H, J=8.7Hz), 6.86 (d, 2H, J=8.7Hz), 5.42 (d, IH, 
J=8.7Hz), 4.91 (d, IH, J=8.1Hz), 4.75 (d, IH, 
J=.11.1H2), 4.53 (d, IH, J=ll.lHz), 4.08 (t, IH, 
J=9.6Hz), 3.92 (q, IH, J=5.4Hz), 3.80 (s, 3H) , 3.78 (m, 
IH) , 3.67 (t, IH, J=9.6Hz), 3.46-3.14 (m, 3H) , 1.89 
(s,3H), 1.50 (s, 3H), 1.43 (s, 3H) , 1.24 (br s, 20H) , 
0.87 (t, 3H, J=6.9Hz). Fab MS: 572 (M+Na) * . 

6.79- 

Dodecy 1 2 - ace t amido - 2 - deoxy - 3 , 4 - i sopr opy 1 Idine - /5 - 
D-gIucopyrano8ide (RC14 ) 

To a solution of RC13 (300 mg, 0.56 mmol), in 
dichloromethane (10 mL) is added 2,3-dichloro-5, 6- 
dicyano-l, 4-benzoquinone (165 rag, 0-73 mmol) . The 
reaction mixture is stirred at room temperature for 1.5 
h. The reaction mixture is poured into a 10% solution 
of sodium bisulfite (30 mL) and dichloromethane (50 mL) 
is added. The organic layer is separated, washed with 
water (2 x 50 mL) and brine (2 x 30 mL) , dried (Na^SO^) 
and concentrated. The residue is purified by flash 
chromatography (EtOAc-MeOH, 1:0 to 9:1) to furnish RC14 
(180 mg, 75%) as a viscous liquid. TLC (EtOAc) Rf 
0.15. NMR (CDCI3) 6 6.44 (d, IH, J=6.9Hz), 4.57 (d, 

IH, J=8.4Hz), 3.80 (m, 4H) , 3.50 (m, 2H) , 3.25 (m, IH) , 
2.00 (s, 3H) , 1.49 (s, 3H), 1.41 (s, 3H) , 1.22 (br s, 
20H) , 0.85 (t, 3H, J=6.6Hz). Fab MS : 452 (M+Na)*. 
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6.80* 

Dodecyl 2-acetamido-3-0- (l-carboxy)ethyl-2-deo3cy- 
A,6'±B propylidlne-/?-D-glucopyrano8lde (RC15) 

To a solution of RC14 <180 mg, 0.42 mmol) in 
anhydrous tetarhydrofuran {4 toL) is added sodium 
hydride (42.4 tng, 1.68 mmol). The reaction mixture is 
stirred at room temperature for 30 min. (S)-(-)-2- 
Bromopropionic acid (0.057 mL, 0.63 mmol) is added and 
stirred at room temperature for 24 h. The reaction 
mixture is poured into HCl (2 N, 20 mL) and ethyl 
acetate (50 mL) is added. The organic layer is 
separated, washed with water (2 x 50 mL) and brine (2 x 
30 mL) dried (NajSO^) and concentrated. The residue is 
purified by flash chromatography (EtOAc-MeOH 1:0 to 
9:1) to furnish RC15 (140 mg, 67%) as a viscous 
liquid. TLC (EtOAc) Rf 0.15. NMR (CDClj) 6 4.58 
(d, IH, J«8.1Hz), 4.37 (t, IH, J=8.7Hz), 3.92-3.74 (m, 
4H), 3.59 (m, 2H) , 3.45 (q, IH, J=13.2H2), 3.27 (m, 
IH) , 2.03 (s, 3H) , 1.80 (d, 3H, J=6.9Hz), 1.49 (s, 3H) , 
1.41 (s, 3H) , 1.23 (br s, 20H) , 0.86 (t, 3H, J=6 . 9Hz) . 
Fab MS: 546 (M-H+Na+Na)^ 

6.81. 
Phenyl 6 - O- Benzyl - 2 *deoxy- 3 - 0-p -nothoxybensty 1 - 2 -N- 
phthallmido - 1- thio-4-0- trimethylsilyl-ZJ-D- 
glucopyranoside (TYC2) 

To a cooled {-70 «C) solution of TYCl (5.94 g, 9.72 
mmol) and triethylamine (2.7 mL, 19.4 mmol) in 
dichloromethane (50 mL) is added trimethylsilyl 
trif luoromethanesulfonate (2.3 mL, 11.9 mmol). The 
reaction mixture is stirred for 1 h at 70 *»C. The 
reaction mixture is poured into a saturated aqueous 
solution of sodium bicarbonate (50 mL) . The organic 
layer is separated and the aqueous layer is extracted 
with dichloromethane (50 mL) . The combined organic 
layers is washed with water (100 mL) and saturated brine 
(50 mL) , then dried (NajSO,) and concentrated. The crude 
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product (quantitative yield or Qy) is used in the next 
step without further purification. TLC (EtOAc:Hexane 
1:1) Rf 0.66. NMR (CDCl^) : 6 7.80-7.55 (m, 4H) , 7.45- 

7.25 (m, 7H), 7.25-7.10 (m, 3H) , 6.90 (d, 2H, J=8.7Hz), 
6.36 (d, 2H, J=8.7Hz), 5.54 (d, IH J=10.2H2), 4.71 (d, 
IH, J=12Hz), 4.61 (ABq, 2H) , 4.27 (d, IH, J=12H2) , 4.22- 
4.17 (m, 2H), 3.85-3.60 (m, 4H) , 3.56 (s, 3H) , 0.16 (s, 
9H} . 

« • 8 2 . 

Phenyl 6 -O- Benzyl - 2 -deoxy- 3 -O-p-methoxybenzyl -2 -N* 
phthalimido-l-flulf inyl-4-0-trimethylBilyl-/5-D- 
glucopyrano8lde (TYC3 ) 

To a cooled (-60 ^C) solution of TYC2 (0.54 g, 0.79 
mmol) in ethyl acetate (5.0 mL) is added a solution of 3- 
chloroperoxybenzoic acid (68.7%, 0.20 g, 0.79 mmol) in 
ethyl acetate (3.0 mL) . The reaction mixture is allowed 
to warm up to -30 <*C in 1 h. The reaction mixture is 
poured into a saturated aqueous solution of sodium 
bicarbonate (20 mL) , and ethyl acetate (20 mL) is added. 
The organic layer is separated and washed with water (20 
mL) and saturated brine (20 mL) , then dried (NajSO^) and 
concentrated. The crude product (Qy) is used in the next 
step without further purification. TLC (EtOAc :Hexane 
1:1) Rf 0.48. 
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6*83* 
Dodecy 1 6 - O - Benzyl - 2 - deoxy - 3 - O -p -me thoxybenzyl - 2 -N- 
pht ha 1 imi do - /5 - D - g lucopy r ano side ( TYC4 ) 

A solution of TYC3 (2.15 g, 3.07 mmol), 2,6-di-tert- 
butyl-4-methylpyridine (0.63 3.07 mmol) and 1- 

dodecanol (0.57 g, 3.07 mmol) in EtOAc-hexane (1:1 v/v, 
30 mL) is dropped into a cooling bath (-40 **C) followed 
(juickly by the addition of trif luoromethanesxilfonic 
anhydride (0.56 mL, 4.65 mmol) . The reaction mixture is 
stirred for 30 min. at -40 *»C. The reaction mixture is 
poured into a saturated aqueous solution of sodium 
bicarbonate (30 mL) . The organic layer is separated, and 
the aqueous layer is extracted with ethyl acetate (30 
mL) . The combined organic layers is washed with water 
(60 mL) and saturated brine (50 mL) , then dried (Na,S04) 
and concentrated. The residue is purified by flash 
chromatography (EtOAc :Hexane 3:7 to 10:0) to furnish TyC4 
(0.75 g, 38%) as a viscous liquid. TLC (EtOAc-Hexane 
3:7) Rf 0.25. TLC (EtOAc-Hexane 1:1) Rf 0.65. NMR 
{CDCI3) : 6 7.80 (s, br, IH) , 7.67 (s, br , IH) , 7.40-7.25 
(m, 5H), 6.97 (d, 2H, J=8.7Hz), 6.46 (d, 2H, J=:8.7Hz), 
5.13 (d, IH, J=8.4Hz), 4.67 (d, IH, J=12.0 Hz), 4.62 
(ABq, 2H), 4.47 (d, IH, J==12.0Hz), 4.20 (dd, IH, 
J»B.l, 10.8Hz) , 4.10 (dd, IH, J=8 . 1, 10 . 8Hz) , 3.85-3.70 (m, 
4H), 3.70-3.60 (m, 4H) , 3.62 (s, 3H) , 3.40-3.30 (m, IH) , 
2.94 (d, IH, J-2.4 Hz), 1.45-0.80 (m, 20 H) , 0.88 (t, 3H, 
J=6.8Hz). '^C NMR (CDCI3) : 6 158.79, 133.64, 129.50, 
128.46, 127.82, 127.76, 113.43, 98.28, 78.39, 74.50, 
73.87, 73.74, 73.54, 70.78, 69.63, 55.44, 31.87, 29.56, 
29.54, 29.40, 29.30, 29.21, 29.12, 25.76, 22.65, 14.09. 
Fab MS: 710 (M+Na)*. 

6.84- 
Phenyl 2 - Deoxy- 2 -N-phthalinido - 1 - sul f lay 1 « 3 , 4 , 6 - 
tri-0-benzyl-/8-D-glycopyraxiO8lde (TYC6) 
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To a cooled (-60 *^C) solution of TYC5 (0.28 g, 0.42 
mmol) in ethyl acetate (3.0 mL) is added a solution of 3- 
chloroperoxybenzoic acid (68.7%, 0.11 g, 0.43 mmol) in 
ethyl acetate (1.0 mL) . The reaction mixture is allowed 
to warm up to -30 **C in 1 h. The reaction mixture is 
poured into a saturated aqueous solution of sodium 
bicarbonate (20 mL) , and ethyl acetate (30 mL) is added. 
The organic layer is separated and washed with water (20 
mL) and saturated brine (20 mL) , then dried (NajSO^) and 
concentrated. The crude product (Qy) is used in the next 
step without further purification. TLC (EtOAc:Hexane 
1:1) Rf 0.42. 



benzyl-zS-D-glucopyranosyl) - (l-*4) - 2 -deoxy- 6 -O- 
benzyl -3 -0-p-xnethoxybenzy 1-2- K-phthalimido-^-D- 
* glucopyranoBlde (TYC7) 

To a cooled (-60 <>C) solution of TYC4 (0.23 g, 0.33 
mmol), TyC6 (0.53 g, 0.77 mmol) and 2,6-di-tert-butyl-4- 
methyl pyridine (0.16 g, 0.78 mmol) in EtOAc-hexane (1:1 
v/v, 6 mL) is added trif luoromethanesulf onic anhydride 
(0.093 mL, 0.77 mmol) . The reaction mixture is stirred 
for 30 min. at -60 ^^C. The reaction mixture is poured 
into a saturated aqueous solution of sodium bicarbonate 
(20 mL) and ethyl acetate (30 mL) is added. The organic 
layer is separated and the aqueous layer is extracted 
with ethyl acetate (30 mL) . The combined organic layers 
is washed with water (60 mL) and saturated brine (50 mL) , 
then dried (NajSOj and concentrated. The residue is 
purified by flash chromatography (EtOAc rHexane 1:9 to 
5:5) to furnish TYC7 (0.19 g, 48%) as a viscous liquid. 
TLC {EtOAc-Hexane 3:7) Rf 0.19. TLC (EtOAc-Hexane 1:1) 
Rf 0.76. NMR (CDClj) : 6 7.90-7.50 (m, 8H) 7.40-7.10 

(m, 20H), 7.00-6.80 (m, 8H) , 6.28 (d, 2H, J=8.4Hz), 5.29 
(d, IH J=7.8Hz), 4.92 (d, IH, J=8.1Hz), 4.85-4.75 (m, 
3H) , 4.70-4.30 (m, lOH) , 4.30-4.00 (m, 4H) , 3.95-3.15 (m. 



6 

Dodecyl 
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12H) , 3.57 (s, 3H) , 1.20-0.80 (m, 25H) , 0.87 (t, 3H, 
J=7.2H2). "C NMR (CDClj) : 6 158.31, 138.36, 138.28, 
138.10, 138.07, 133.35, 131.67, 130.99, 129.65, 128.36, 
128.32, 128.13, 127.98, 127.84, 127.65, 127.52, 127.21, 
113.05, 98.06, 98.96, 79.60, 79.00, 76.49, 75.87, 75.03, 
74.79, 74.72, 74.54, 73.84, 73.17, 72.57, 69.28, 68.23, 
67.97, 56.71, 55.72, 54.7131.84, 29.53, 29.37, 29.27, 
29.14, 29.09, 25-71, 22.62, 14.07. Fab MS: 1271 (M+Na)^. 



6.86* 
Podecyl (2-Acetamldo*2'-deoxy*3,4,6*tri-0-benzyl-/S- 
D-glucopyranosyl) - (l-»4) -2-acetaiaido-6-0*benzyl-2* 
deoxy-3 - O-p-methoxybenzyl-jS-D^glucopyranoside 
(TYC8> 

A solution of TYC7 (1.57 g, 1.26 mmol) and hydrazine 
hydrate (1.26 mL, 26.0 mmol) in 95% EtOH-THF (1:1 v/v, 26 
mL) is h«ated under reflux for 24 h. White precipitate 
is filtered off and the filtrate is concentrated. The 
residue is dissolved in pyridine (12 mL) , and acetic 
anhydride (1.2 mL. 12.7 mmol) is added. The reaction 
mixture is stirred for 2 h at room temperature. Methanol 
(2 mL, 49.4 mmol) is added. The reaction mixture is 
stirred for 1 h at room temperature. The reaction 
mixture is poured into a saturated ac[ueous solution of 
sodium bicarbonate (50 mL) , and ethyl acetate (100 mL) is 
added. The organic layer is separated, washed with water 
(100 mL) and saturated brine (50 mL) , then dried (NaaSOJ 
and concentrated. The residue is purified by flash 
chromatography (BtOAciDCM 5:5 to 7:3) to furnish TYC8 
(0.85 g, 63%) as a viscous liquid. TLC (EtOAc:DCM 3:7) 
Rf 0.47. *H NMR (CDCI3) : 6 7.40-7.15 (m, 22H) , 6.78 (d, 
2H, J=8.7 Hz), 6.37 (d, IH, J=8.7Hz), 4.92 (d, IH, 
J«8.4Hz), 4.82 (d, IH, J»6.6Hz), 4.78 (d, IH, J=:5.4Hz), 
4.70-4.40 (m, IIH) , 4.33 (d, IH, J^S.lHz), 4.10-3.90 (m, 
2H) , 3.90-3.60 (m, IIH) , 3.75 (s, 3H) , 3.49 (dd, IH, 
J=8.4, 10.2Hz) , 3.40-3.30 (m, 2H) , 1.95 (s, 3H) , 1.74 (s. 
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3H), 1.60-1.45 (in, 2H) , 1.24 (s, br, 21H) , 0,88 (t, 3H, 
J=6.6Hz). "C NMR (CDCI3) : 6 170.53, 170.19, 138.17, 
138.07, 137.98, 137.87, 130.81, 129.30, 128.58, 128.43, 
128.36, 128.29, 128.09, 128.00, 127.95, 127.82, 127.70, 
127.60, 113.54, 100.44, 99.91, 80.93, 78.46, 74.92, 
74.78, 74.58, 74.29, 74.06, 73.50, 73.46, 71.77, 70.04, 
69.39, 68.57, 55.30, 55.17, 51,15, 31.89, 29.66, 29.62, 
29.54, 29.46, 29.32, 26.03, 23.50, 23.21, 22.65, 14.09. 
Fab MS: 1095 (M+Na)*. 

6.87. 
Dodecyl { 2 - Ace tamido - 2 -deoxy- 3.4,6- tri -O-benzyl - /5- 
D-glucopyrano8yl) - (1-^) -2-acotamido-6-0-bon«yl-2- 
deoxy-ZS-D-glucopyranoside (TYC9) 

To a solution of TYC8 (0.85 g, 0.78 mmol) in 95% 
aqueous dichloromethane (15 mL) is added 2 , 3-dichloro- 
5, 6-dicyano-l,4-benzoquinone (0.23 g, 1.01 mmol). The 
reaction mixture is stirred for 30 min. at room 
temperature. The reaction mixture is poured into a 10% 
solution of sodium bisulfite (30 mL) and dichloromethane 
(30 mL) is added. The organic layer is separated, washed 
with water (40 mL) and saturated brine (30 mL) , dried 
(NaaSO^) and concentrated. The residue is purified by 
flash chromatography (EtOActDCM 5:5 to 8:2) to furnish 
TyC9 (0.56 g, 74%) as a viscous liquid. TLC (EtOAcrDCM 
7:3) Rf 0.48. 'H NMR (CDCI3) : 6 7.35-7.20 (m, 20H) , 
7.20-7.10 (m, 2H), 5.83 (d, IH, J-8.1Hz), 5.65 (d, IH, 
J=8.4H2), 4.80-4.40 (m, 13H) , 4.00-3.40 (m, 17H) , 1.96 
(s, 3H), 1.75 (s, 3H), 1.60-1.50 (m, 2H) , 1.24 (s, br, 
22H), 0.88 (t, 3H, J«6.8H2). "C NMR (CDCI3) : 5 170.35, 
170.15, 138.61, 138.24, 137.68, 128.41, 128.40, 127.98, 
127.86, 127.80, 127.67, 101.50, 100.36, 82.11, 81.83, 
78.44, 74.84, 74.37, 74.02, 73.40, 71.96, 69.67, 68.84, 
68.53, 56,90, 55.57, 31.89, 29.66, 29.62, 29.56, 29.42, 
29.32, 25.94, 23.61, 23.29, 22.65, 14.09. 
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6.88. 
Dod cyl (2-Acetaiaido-2-deoxy-3,4,6-tri-0-benzyl-/8- 
D-glucopyranosyl) - (1*4) -2-acetaiiiido-6-0-benzyl>3-0- 
{TJrcioT^"*^' «tl»yl-2-deoxy-/5-D-glucopyraaoBide 

To a solution of TYC9 (0.39 g, 0.41 mmol) in THF-DMF 
(1:1 v/v, 16 mL) is added sodium hydride (39 mg, 1.63 
rranol) . The reaction mixture is stirred for 30 min. at 
room ten^erature. (S) - {-) -2-Bromopropionic acid (0.055 
mL, 0.61 mmol) is added. The reaction mixture is stirred 
for 24 h at room temperature. The reaction mixture is 
poured into 2M hydrochloric acid (20 mL) , and ethyl 
acetate (50 mL) is added. The organic layer is 
separated, washed with water (40 mL) and saturated brine 
(30 mL) , then dried (Na^SO,) and concentrated. The 
residue is purified by flash chromatography (MeOHrDCM 
1:9) to furnish TYCIO (0.26 g, 62%) as a viscous liquid. 
TLC (MeOH:DCM 1:9) Rf 0'.36. »H NMR {CDCl,, CD,OD) : 6 
7.30-7.10 (m, 18H), 7.10-7.00 (m, 2H) , 4.75-4.30 (m. 
IIH), 3.80-3.15 (ro, 19H) , 1.92 (s, 3H) , 1.75 (s, 3H) , 
1.50-1.40 (ra, 2H), 1.30-1.10 (m, 21H) , 0.78 (t, 3H, 
J=6.8H2). »C NMR (CDCI3): 6 172.32, 171.56, 138.08. 
137.62, 137.56, 128.30, 128.24, 128.20, 128.15, 128.10, 
127.81, 127.76, 127.70, 127.58, 127.52, 127.48, 127.34, 
101.71, 99.16, 81.61, 78.29, 77.86, 77.21, 75.40, 74.66, 
74.42, 73.40, 73.11, 69.54, 69.24, 69.23, 55.62, 54.07, 
31.71, 29.46, 29.30, 29.24, 29.14, 25.84, 25.69, 22.83, 
22.55, 22.47, 18.81, 13.83. Fab MS: 1069 (M-H+Na+Na) ♦ . 

6.89. 
Dodecyl (2-Acetainido-2-deoxy-/8-D-glucopyranosyl) - 
(l-*4) -2-acetamido-3-o- (l-carb<Mcy)etlw-l-2-deoxy-fl-D- 
glucopyranoside(TYCll) 

To a solution of TYCIO (0.26 g, 0.25 mmol) in 
ethanol (lOO mL) is added 10% palladium on carbon (0.50 
g) . The reaction mixture is shaken at room temperature 
in a Parr hydrogenator for 24 h under a hydrogen 
atmosphere at 40 psig. The reaction mixture is filtered 
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through a membrane filter and concentrated. The crude 
product (0.15 g, 89%) is used in the next step without 
further purification. NMR (CDjOD) : 6 4.60-4.50 (m, 

1H>, 4.51 (d, IH, J=8.4Hz), 4.34 (d, IH, J=7.8Hz>, 4.95- 
3.35 (m, 12H) , 1.98 (s, 6H) , 1.60-1.45 (m, 2H) , 1.43 (d, 
3H, J=6.6Hz), 1.28 (s, br, 20H) , 0.89 (t, 3H, J=6.8Hz). 

NMR (CD3OD) : 6 173.92, 102.88, 101.64, 80.87, 78.31, 
77.26, 76.01, 75.58, 72.65, 70.75, 63.23, 61.48, 57.65, 
56.21, 33.03, 30.78, 30.72, 30.60, 30.50, 30.43, 27.73, 
27.06, 26.98, 23.69, 23.06, 19.42, 14.44. Fab MS: 709 
(M-H+Na+Na)*. 

6.90. 
Dodecy 1 ( 2 - Ace t aniido - 2 - deoxy - 3,4^6-tri-O - ace ty 1 
D-glucopyranoayl) - (1-^) -2-acotaiaido-6-0-acetyl-3-0- 

( 1-carboxy) ethyl -2 -deoxy -/J-D-glucopyranoeide 

(TYC12) 

To a solution of TYCll (0.*15 g, 0.23 ratnol) in 
pyridine (10 mL) is added acetic anhydride (0.43 mL, 4.56 
iranol) . The reaction mixture is stirred for 2 h at room 
temperature. Ethyl acetate (100 mL) and 2M hydrochloric 
acid (100 mL) are added. The reaction mixture is stirred 
for 1 h at room temperature. The organic layer is 
separated, washed with water (50 mL) and saturated brine 
(50 mL) , then dried (NajSOj and concentrated. The crude 
product (0.16 g, 85%) is used in the next step without 
further purification. NMR (CDClj) : 6 5.15-5.05 (m, 

2H), 4.70-3.90 (m, 9H, 3.90-3.20 (m, 8H) , 2 . 10-1 . 90- (m, 
18H), 1.60-1.50 (s, br, 2H) , 1.40 (d, 3H, J=6.3Hz), 1.215 
(s, br, 20H) , 0.84 (6.6Hz). Fab MS: 832 (M-H+Na+Na) * . 

6.91* 
Methyl (3a,5/J)-3-Metboxycholan-24-oate (TYC14) 

To a soltuion of lithocholic acid (31.40 g, 83.5 
mmol) in dimethyl formamide (165 mL) is added sodium 
hydride (6.01 g, 0.25 mol) . The reaction mixture is 
stirred for 30 min. at room temperature. lodomethane 



wo 97/34623 



PCT/US97/04637 



90 

{15.6 mLi, 0.25 mol) is added. The reaction mixture is 
stirred for 3 h at room temperature. The reaction 
mixture is poured into 2M hydrochloric acid (100 mL) , and 
an ether-DCM solvent mixture (2:1 v/v, 500 mL) is added. 
The organic layer is separated, washed with saturated 
brine (2 00 mL) and saturated aqueous potassium carbonate 
solution (200 mL) , then dried (Na2S04) and concentrated. 
The crude product (Qy) is used in the next step without 
further purification. NMR (CDClj) : 6 3.66 (2, 3H) , 

3,35 (s, 3H) , 3.20-3.10 (m, IH) , 2.40-2.15 (m, 2H) , 2.00- 
1.50 (m, 12H) , 1.45-0.95 (m, 18H) , 0.91 (s, 3H) , 0.90 (d, 
3H, J-6H2) , 0.63 (s, 3H) . 

€•92. (3a,5/S)-3-Methoxycholan-24-ol (TYCIS) 

To a cooled (0 ^C) solution of TYC14 (37.43 g, 92.6 
mmol) in THF-ether solvent mixture (2:1 ^v/v, 450 mL) is 
added lithium aluminium hydride (7.04 g, 0.185 mol) . The 
reaction mixture is stirred for 2 h at 0 **C. The 
reaction mixture is quenched by dropwise addition of IM 
sodium hydroxide solution. The reaction mixture is 
poured into 2M hydrochloric acid (200 mL) , and diethyl 
ether (300 mL) is added. The organic layer is separated, 
washed with water (200 mL) and saturated brine (200 mL) , 
then dried (Na2S04) and concentrated. A solvent mixture 
of EtOAc-hexane (3:7 v/v, 400 mL) is added to the 
residue. The resulting white precipitate is filtered 
off. The filtrate is concentrated. The residue is 
crystallized from methanol -water to furnish TYC15 as a 
white solid. The crude product (17.26 g, 55%) is used in 
the next step without further purification. TLC (EtOAc- 
Hexane 1:1) Rf 0.63. NMR (CDClj) : 6 3.60 (t, 2H, 

J«6.2H2) , 3.34 (s. 3H) , 3.20-3.10 (m, IH) , 2.00-1.50 (m, 
lOH). 1.50-0.95 (m. 21H), 0.91 (s, 3H) , 0.91 (d, 3H, 
J=6.6H2), 0.63 (s, 3H). "C NMR (CDCI3) : 6 80.41, 63.59, 
56.46, 56.13, 55.23, 42.68, 42.03, 40.32, 40.17, 35.83, 



wo 97/34623 



PCT/US97/04d37 



91 

35.59, 35,29, 34.87, 32.74, 31.79, 29.42, 28.30, 27.31, 
26.76, 26.39, 24.21, 23.41, 20.79, 18.61, 12.02. 

6.93. 
(3a,5/S) -24- (6-0-Benzyl-2-deoxy-3-0*p-niethoxybenzyl- 
2-N-phthaliBtido*/9-D-glucopyrano8yloxy) - 3 - 
methoxycholane (TYC16) 

A solution of TYC15 (7.09 g, 18.8 nunol) , TYC3 (13.17 
g, 18.8 mmol) and 2 , 6-di- tert-butyl-4-methylpyridine 
(3.86 g, 18.8 mmol) in EtOAc-hexane solvent mixture (1:1 
v/v, 190 mL) is added dropwise into a cooling bath (-40 
»C) followed quickly by the addition of 
trif luoromethanesulfonic anhydride (3.74 mL, 31.0 mmol). 
The reaction mixture is stirred for 30 min. at -40 *>C. 
The reaction mixture is poured into a saturated aqueous 
solution of sodium bicarbonate (100 mL) . The organic 
layer is separated, and the aqueous layer is extr^acted 
with ethyl acetate (100 mL) . The combined organic layers 
is washed with water (200 mL) and saturated brine (100 
mL) , then dried (NajSOj and concentrated. The residue 
is extracted with a sovent mixture of EtOAC-hexane (3 : 7 
v/v, 200 mL) . The filtrate is concentrated. The residue 
is purified by flash chromatography (EtOAc:Hexane 3:7 to 
5:5) to furnish TYC16 (2.54 g, 15%) as a viscous liquid. 
TLC (EtOAc-Hexane 1:1) Rf 0.66. NMR (CDCl,) : 6 7.90- 
7.60 (m, 6H) , 7.40-7.25 (m, 6H) , 6.96 (d, 2H, J=8.7Hz), 
6.43 (d, 2H, J=8.7H2), 5.10 (d, IH, J=8.4Hz), 4.70-4.50 
(m, 4H), 4.45 (d, IH, J«12.0H2), 4.25-4.05 (m, 3H) , 3.85- 
3.70 (m, 5H), 3.70-3.50 (m, 2H) , 3.60 (s, 3H) , 3.34 (s, 
3H), 3.30-3.20 (m, IH) , 3.20-3.10 (m, IH) , 3.04 (d, IH, 
2.4Hz), 1.90-1.50 (m, 7H) , 1.50-0.80 (m) , 0.87 (s, 3H) , 
0.63 (d, 3H, J»6.3H2), 0.46 (s, 3H) . '^C NMR (CDCI3) : 6 
158.74, 137.62, 133.61, 130.34, 129.46, 128.41, 127.78, 
127.71, 113.37, 98.51, 80.35, 78.34, 74.46, 76.85, 73.62, 
73.52, 70.72, 70.33, 56.26, 55.94, 55.50, 55.40, 54.81, 
42.44, 41.94, 40.23, 39.99, 35.70, 35.35, 34.79, 32.71, 
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32.01, 27.89, 27.25, 26.69, 26.35, 26.05, 24.08, 23.33, 
20.65, 18.16, 11.82. Fab MS: 900 (M+Na)*. 

6.94. 
(3a, 5/5) -24- [ (2-Deoxy-2-N-phthaliiiiido-3, 4, 6-tri-O- 
benzyl* /S-D-glucopyranosyl) - (l-»4) -2-deoxy-6-0- 
benzy 1 - 3- 0-p-2ne thoxybenzy 1 - 2 - N- phthalimido - /S - D - 
glucopyranosyloxy 1 - 3 -methoxycholane (TYC17 ) 

To a cooled (-40 «»C) solution of TYC16 (2.15 g, 2,45 
mmol) , TYC6 (4.66 g, 6.78inmol) and 2 , 6-di- tert-butyl-4- 
methylpyridine (1.76 g, 8.59 mmol) in EtOAc-hexane (1:1 
v/v, 50 mL) is added trif luoromethanesulfonic anhydride 
(0.82 mL, 6.81 mmol) . The reaction mixture is stirred 
for 30 min. at -40 *C. The reaction mixture is poured 
into a saturated aqueous solution of sodium bicarbonate 
(50 mL) . The organic layer is separated, and the aqueous 
layer is extracted with ethyl acetate (30 mL) . The 
combined organic layers is washed with water (60 mL) and 
saturated brine (50 mL) , then dried (Na^SO^) and 
concentrated. The residue is purified by flash 
chromatography (EtOActHexane 3:7 to 5:5). The resulting 
product (3.26 g) is used in the next step without further 
purification- TLC (EtOAc:Hexane 3:7) Rf 0.25. TLC 
(EtOAc:Hexane 1:1) Rf 0.60. Fab MS: 1462 (M+H+Na)*. 

6.95. 
(3of , 5/8) -24- [ (2-Acetamido-2-deoxy-3 , 4, 6-tri-O- 
bexizyl-/5-D-glucopyranoByl) - (1-^) -2-acetamido-6-0- 
b6nzyl-2 - deoxy - 3 - O - p - me thoxybenzy 1 - - D - 
glucopyr anosyloxy ] - 3 -methoxycholane (TYC18 ) 

A solution of TYC17 (crude, 3.26 g) and hydrazine 
hydrate (4.39 mL, 90.6 mmol) in a solvent mixture of 95% 
EtOH-THF (1:1 v/v, 40 mL) is heated under reflux for 24 
h. White precipitate is filtered off and the filtrate is 
concentrated. The residue is dissolved in pyridine (20 
mL) and acetic anhydride (4.27 mL, 45.3 mmol) is added. 
The reaction mixture is stirred for 2 h at room 
temperature. Methanol (3.67 mL, 90.7 mmol) is added. 
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The reaction mixture is stirred for 1 h at room 
temperature. The reaction mixture is poured into a 
saturated aqueous solution of sodium bicarbonate (50 mL) , 
and ethyl acetate (100 mL) is added. The organic layer 
is separated, washed with water (50 mL) and saturated 
brine (50 mL) , then dried (NajSOJ and concentrated. The 
residue is washed with EtOAc-hexane mixed solvent (6:4 
v/v) to furnish TYC18 as a white solid. The crude 
product (1.92 g) is used in the next step without further 
purification. Fab MS: 1286 (M+H+Na)*. 

6 • 9 6 

(3a, 5/5) -24- [ (2-Acetamido-2-deoxy-3,4, 6-tri-O- 
bonayl-/J-D-glucopyranoByl) - (l-»4) -2-acetamido-6-0- 
bonzyL-2-deoxy-/J-D-glucopyranoByloxyl - 3 - 
methoxycholane (TYC19) 

To a solution of TYC18 (crude, 1.92 g) in 95% 
aqueous dichlorome thane (30 mL) is added 2, 3-dichloro- 
5, 6-dicyano-l,4-ben2oquinone (0.45 g, 1.98 mmol) . The 
reaction mixture is stirred for 30 min. at room 
temperature. The reaction mixture is poured into a 10% 
solution of sodium bisulfite (30 mL) , and dichloromethane 
(30 mL) is added. The organic layer is separated, washed 
with water (40 mL) and saturated brine (30 mL) , then 
dried (Na2S04) and concentrated. The residue is purified 
by flash chromatography (MeOHrDCM 5:95) to furnish TyC9 
(0.62 g, 19% fromTYClS) as a viscous liquid. TLC (MeOH- 
DCM 1:9) Rf 0.50. NMR (CDCI3) : 6 7.35-7.20 (m, 18H) , 

7.20-7.10 (m, 2H), 5.56 (d, IH, J«7-5H2), 4.91 (d, IH, 
J=8.7H2), 4.80-4.65 (m, 4H) , 4.60-4.40 (m, 7H) , 4.05-3.95 
(m, IH) , 3.85-3.75 (m, IH) , 3.75-3.40 (m, 8H) , 3.34 (s, 
3H), 3.20-3.10 (m, IH) , 1.97 (s, 3H) , 1.90-1.60 (m, 5H) , 
1.68 (s, 3H) , 1.45-1.25 (m, 7H) , 1.15-0.95 (m, 6H) , 0.90 
(s, 3H), 0.87 (d, 3H, J«6.6H2), 0.61 (s, 3H) . "CNMR 
(CDCI3) : 6 170.49, 170.35, 138.79, 138.46, 138.37, 
137.76, 137.69, 128.50, 128.25. 128.17, 127.82, 127.77, 
127.74, 127.68, 127.61, 127.52, 127.46, 127.31, 126.59, 
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101.98, 100.73, 83.03, 82.36, 80.30, 78.51, 75.04, 74.71, 
74.10, 73.23, 72.81, 70.04, 68.98, 56.32, 56.10, 55.40, 
42.54, 41.93, 40.21, 40.05, 35.71, 35.19, 34.77, 32.65, 
31.93, 28.22, 27.23, 26.68, 26.30, 24.12, 23.51, 23.33, 
23.20, 20*69, 18.47, 11.93. Fab MS: 1166 (M+H+Na)^ 

6.97. 
(3a, 5/5) -24- [ (2-Acetamido-2-deoxy-3,4, e-tri-O- 
benzyl-iS-D-glucopTranosyl) - (1-^4) •2*acetamido-6-0- 
benzyl-3 -O - (l«*carboxy) e thyl - 2 -deoxy- /S -D - 
glucopyranosyloxy] - 3 •methoxycholane (TYC2 0 ) 

To a solution of TYC19 (0.54 g, 0.47 mmol) in THF- 
DMF (2:1 v/v, 9 mL) is added sodium hydride (68 mg, 2.83 
mmol) . The reaction mixture is stirred for 30 min. at 
room temperature. (S) - (-) -2-Bromopropionic acid (0.064 
mL, 0.71 mmol) is added. The reaction mixture is stirred 
for 24 h at room temperature. The reaction mixture is 
poured into 2M hydrochloric acid (20 mL) , and ethyl 
acetate (50 mL) is added. The organic layer is 
separated, washed with water (40 mL) and saturated brine 

(30 mL) , then dried (Na^SO^) and concentrated. The crude 
product (0.57 g) is used in the next step without further 
purification. TLC (MeOH:DCM 1:9) Rf 0.25. Fab MS: 1260 

(M-i-Na-hNa)\ 

6.98. 
(3a, 5^) - 24* [ (2*Acetamido-2-deoxy-/9-D- 
glucopyranoByl) - (l-»4) - 2 - ace tamido * 3 -O - (1- 
carboxy ) ethyl - 2 - deoxy - j5 -D - glucopyr ano sy loxyl -3- 
aetboxycbolane (TYC21) 

To a solution of TYC20 (crude, 0.57 g) in ethanol 
(100 mL) is added 10% palladium on carbon (0.57 g) . The 
reaction mixture is shaken at room ten^erature in a Parr 
hydrogenator for 24 h under a hydrogen atmosphere at 40 
psig. The reaction mixture is filtered through a 
membrane filter and concentrated. The crude product 
(0.39 g, 96% from TYC19) is used in the next step without 
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further purification. NMR (CDjOD) : 6 4.41 (d, IH, 

J=8.1Hz), 4.28 (d, IH, J=8.1Hz), 3.80-3.30 (m, 12H) . 3.12 

(s, 3H) , 3.20-2.90 (m, 6H) . 2.01 (s, 3H) , 1.91 (s, 3H) , 

1.85-1.30 (m, lOH), 1.23 (d, 3H, J=6.9Hz), 1.30-1.10 (m, 

9H), 1.10-0.80 (m, lOH) , 0.74 (s, 3H) , 0.72 (d, 3H, 
J=6.9H2), 0.47 (s, 3H). "C NMR (CD^OD) : 6 176.90, 
101.79, 101.08, 81.90, 80.68, 78.42, 77.16, 76.77, 76.25, 

75.29, 72.58, 71.89, 71.22, 66.81, 63.07, 58.41, 58.29, 

57.85. 57.51, 55.83, 43.81, 43.32, 41.83, 41.48, 37.15, 

36.72, 36.24, 35.89, 33.84, 33.24, 29.36, 28.34, 27.78, 

37.60, 25.24, 23.94, 21.91, 19.15, 18.35, 15.44, 12.54. 
Fab MS: 899 <M-H+Na+Na) * . 

(3a, 5/S) -24- [ (2-Ac«tamido-2-deoxy-3 , 4, e-tri-O- 
acetyl-jS-D-glucopyranosyl) - (1-^) -2-acotamido-6-0- 
acetyl-3-O- (1-carboxy) e thy 1 - 2 -daoxy- 18- D- 
glucopyranosyloxy] -3-xMthoxyeholane (TYC2) 

To a solution of TYC21 (crude, 0.39 g) in pyridine 
(10 tnL) is added acetic anhydride (0.86 mL, 9.12 minol) . 
The reaction mixture is stirred for 2 h at room 
temperature. Ethyl acetate (100 mL) and 2M hydrochloric 
acid (100 mL) are added. The reaction mixture is stirred 
for 1 h at room temperature. The organic layer is 
separated, washed with water (50 mL) and saturated brine 
(50 mL> , then dried (NajSOj and concentrated. The crude 
product (0.41 g, 87%) is used in the next step without 
further purification. TLC (MeOH:DCM 1:9) Rf 0.47. 
NMR (CDCI3) : 6 7.08 (d, IH, J=7.2Hz), 6.50 (d, IH, 
J=9.6Hz), 5.10-4.95 (m, 2H) , 4.61 (d, IH, J=6.9Hz), 4.41 
(d, IH, J=8.4Hz), 4.40-3.90 (m. 5H) , 3.75-3.35 (m, 5H) , 
3.28 (s, 3H) , 3.15-3.05 (m, IH) , 2.05-1.85 (m, 18H) , 
i:a0-1.40 (m, 7H) , 1.40-0.90 (m, IIH) , 1.30 (d, 3H, 
J=6.6H2), 0.84 (s, 3H), 0.81 (d, 3H, J=6.3Hz), 0.55 (s, 
3H) . "C NMR (CDCl,) : 6 171.75, 171.24, 170.96, 170.84, 
170.51, 169.28, 102.00, 100.93, 80.38, 77.66, 76.85, 
74.60, 73.00, 72.75, 71.74, 70.24, 68.07, 62.73, 61.60, 
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56-54, 56.04, 55.32, 54.12, 42.56, 41.92, 40.22, 40.05, 
35.72, 35.43, 35.17, 34.76, 32.58, 31.77, 28.19, 27.21, 
26.61, 26.28, 25.97, 24.10, 23.30, 23.22, 22.93, 20.89, 
20.68, 20.51, 18.45, 28.29, 11.92. Fab MS: 1073 
(M+5H-|.Na+Na)*. 

7. General Procedure For Coupling To Support-Bound 
Peptide, Deprotection Of Sugar And Cleavage From 
The Resin 

An Fmoc -protected resin-bound peptide building 
block, R-P, is first swollen in DMF (2 mL, 380 rpm, 0.5 
h) . The Fmoc group is cleaved off (2 mL of 20% 
piperidine in DMF, 380 rpm, 0.5 h) . Siabsequently, the 
deprotected R-P is washed with fresh DMF four times (2 
mL, 380 rpm, 5 min/wash) . The R-P {1.0 equiv) is then 
treated with the free acid of an S-L building block (1.0- 
3.0 equiv) in the presence of an activating or coupling 
agent with agitation for about 4 h. Any of four 
different coupling agent-solvent combinations (^'coupling 
cocktails") are used: EEDQ-DCM, HATU-DIPEA/DMF, HBTU- 
DIPEA/DMF, or PyBOP-DIPEA/DMF. (See, Fig. 3 for the 
structures of the activating agents.) 

After the coupling reaction is conplete, the 
coupling cocktail is filtered off and the resin is washed 
four times with fresh 2 mL portions of DMF (380 rpm, 5 
min/wash). The sugar protecting groups (e.g., acetyl 
groups, pivaloyl groups) are removed by treating the 
resin with a solution of sodium methoxide in a solvent 
mixture of methanol-I»1F (1:1, v/v) with agitation (380 
rpm) for ca. 15-24 h. After filtration, the resin is 
washed four times with fresh 2 mL portions of the 
methanol -DMF solvent mixture (380 rpm, 5 min/wash) , 
followed by four 2 mL portions of DCM (380 rpm, 5 
min/wash) . 

The dichloromethane is removed, and the sugar - 
deprotected resin is next treated with a 90% solution of 
TFA in water (2 mL, 380 rpm, ca. 2 h) . The desired 
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product is obtained from the product solution. Residual 
resin may be treated a second time with 90% TFA-HjO (1 
mL, 380 rpm, 15 rain) . A second product solution may 
hence be obtained, which is combined with the first 
product solution. The trif luoroacetic acid-water solvent 
is removed by evaporation in a block heater at 40 
using an air stream. 

The addition of diethyl ether (4 mL) precipitates 
the product lipoglycopeptide. The resulting mixture is 
centrifuged at 4 *»C (4000 rpm, 10 min) . The solvent is 
then removed by suction using a pipette, and the product 
is siibsequently washed with an additional 2 mL of diethyl 
ether. The centrifuging and pipetting steps are repeated 
once or twice more. Finally, the desired product is 
isolated and dried in a vacuum dessicator. 

These general steps are illustrated in Fig. 2 and 
more specifically in Fig. 6 or Fig. 8. 

The solid support -bound peptides are prepared using 
known methods using, for example, a Merrifield resin 
(polystyrene/ 1% divinylbenzene copolymer) and an acid 
labile chlorotrityl linker group. Alternatively, the 
building blocks may be obtained from commercial sources, 
such as Advanced ChemTech (Kentucky, U.S.A.). 

The following illustrates a specific example of 
coupling a support -bearing peptide to a lipid-bearing 
sugar, deprotection and cleavage. 

7 . 1 Solid phase synthesis of peptidoglycan mononiers 
52 and 53 

The solid phase synthesis of peptidoglycan monomer 
analogous 52 and 53 is illustrated in Fig. 8. The lipid- 
bearing disaccharide sugar 8 is coupled to a tripeptide 
bound to polystyrene resin via a chlorotrityl linker, 
AKA- (Clt) - (PS) . The lipid-bearing monosaccharide sugar 
51 is coupled to AKA- (Clt) - (PS) as well as to a 
tripeptide bound to polyethylene glycol grafted 
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polyscyxene resin, AKA- (PEG) - (PS) , Solid phase coupling 
reaccions are carried out with two equivalents of the 
glycocarboxylic acid, 8 or 51, and two equivalents of the 
coupling reagent. The reaction mixtures are then shaken 
for four hours at room temperature • 

The resin'bound monosaccharide coupled products, 51*- 
AlCA-(Clt)-(PS) and 51-AICA- (PEG) - (PS) , are treated with 
90% aqueous trif luoracetic acid to complete the cleavage 
and global deprotection process. The monosaccharide 
peptidoglycan monomer 52 is obtained by precipitation 
with diethyl ether [Fab MS: 819 (M-H 2Na>*] . 

The disaccharide coupled product, (Cit) • (PS) , 

is first treated with sodium methoxide to remove the 
acetate protecting groups. It is followed by the 90% TFA 
cleavage and peptide deprotection step. The disaccharide 
peptidoglycan monomer 53 is finally precipitated with 
diethyl ether [Fab MS: 991 (M-H + 2Na)*l. The coupling 
yield of each combination of solid support and coupling 
reagent is determined by RP-HPLC analysis of the isolated 
products. RP-HPLC analysis is performed on a C18 column 
(5 micron, 4.6x250mm) with gradient elution (10% to 50% 
acetonitrile, water/0.1% TFA) and monitored by UV (205 
nm) and ELSD (evaporative light scattering detector) . 
The results (percent yields) are summarized in Table 1. 

Table 1 





51 + 

AKA-{Clt)-(PS) 


51 + 

AKA-<PEC)-(PS) 


8 + 

AKA-(Clt)-(PS> 


EEDQ/DCM 


74% 


80% 


67% 


HATU/DIPEA/DMP 


84% 


85% 


89% 


HBTU/DIPEA/OMP 


79% 


77% 


89% 


PyBOP/DIPEA/DHA 


75% 


76% 


82% 



SUBSTITUTE SHEET (RULE 26) 
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7 .2Solld phase synthesis of peptldoglycan monomer 54 

Another method for the synthesis of peptidogylcan 
monomers is seen in Fig. 6. An Fmoc-protected peptide 
building block, Fmoc- [L-Alal - [L-Lys] - [D-Alal - (R) , is 
deprotected in the manner described in the general 
procedures. The deprotectd peptide is coupled to the 
pentaf luorophenyl (Pfp) ester of the lipid-sugar by Dhbt- 
OH. The deprotection and cleavage steps are as described 
in the general procedure to yield 54. 

8. Lipoglycopeptide Synthesis Assay 

A peptidoglycan polymerization assay is adapted from 
one described by Mirelman et al., in Biochemistry (1976) 
15:1781-1790 and modified by Allen et al • , in FEMS 
Microbiol. Lett. (1992) 98:109-116. Briefly, K. coli 
(ATCC Cat. No. 23226) are permeabilized with ether to 
permit exogenously added radiolabeled and non- 
radiolabeled cell wall precursors to penetrate the 
bacterial cell wall. Screening quantities of UDP 
muramyl-pentapeptide (UDP-N-acetylmuramyl-L-Ala-D-Glu- 
xneso-diaminopimelyl-D-Ala-D-Ala) are isolated from an 
aqueous extract of B. cereus (ATCC Cat. No. 11778) 
according to a published method. See, Kohlrausch and 
Holtje, FEMS Microbiol. Lett. (1991) 78:253-258; 
Kohlrausch et al . , in J. Gen. Microbiol. (1989) 153:1499- 
1506. Bacterial protein is determined by the method of 
Bradford, in Anal. Biochem. (1976) 72:248. 

Polymerization assays are conducted in 96 -well 
filter-bottom plates (Millipore GF/C - Cat. No. MAFC NOB 
10) . In a final assay volume of 100 /iL, each well 
contains: 50 mM Tris - HCl (pH 8.3) ; 50 mM NH4CI; 20 mM 
MgS04* 7 H2O; 10 mM ATP (disodium salt); 0.5 mM 
mercaptoethanol ; 0.15 mM D-aspartic acid; 0.001 nlM UDP-N- 
acetyl (^*C-I -D-glucosamine (DuPont /N.E.N. - 307 
mCi/mmol) ; 0.01 mM UDP-MurNAc-pentapeptide, 100 (ig/xnL 
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tetracycline and 10 |ig/well ether- treated bacterial 
protein. 

Novel test compounds are solubilized in distilled 
water and screened at a final assay concentration of 100 
/zg/mL. With the exception o£ radiolabel and isolated 
native pentapeptide , all remaining biochemicals are 
available from Sigma. 

Reactions are begun by adding 10 /xL aliquot s of 
bacterial protein in assay buffer into wells containing 
all remaining reagents. Plates are covered, mixed for 30 
seconds, then incubated at 37 **C for 2 hr. Ice cold 20% 
TCA (100 fiL) is added to each well. Plates are gently 
mixed (60 sec) , then refrigerated (4 **C) for 30 min to 
assure precipitation of all peptidoglycan. 

Plates are placed under vacuum filtration on a 
Millipore manifold, filtered and washed 4-5 times with 
200 /iL/well of 10% TCA. Filters are punched into 
scintillation vials, filled with Cytoscint (ICN) , capped, 
shaken and counted using a BecJctnan LS6000 spectrometer. 
Percent inhibition of incorporation of **C-label into 
peptidoglycan is computed from control (total 
incorporation) and background (blank) wells containing 
300 /xg/mL of vancomycin, which completely inhibited 
incorporation of radiolabel. All wells are arrayed in 
duplicates, which usually varied by <20%. Concentration- 
response curves for vancomycin are arrayed on each plate 
as positive controls (IC50 for inhibition- of 
incorporation = 2.4 ± 0.2 pig/mL; n « 7) . 

The results of the assay indicated that at least 
three members of the library exhibited inhibitory 
c- tivity. Decoding of the library reveals that all three 
compounds bear the same S-L building block, shown below. 
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The peptide portion of the three compounds 
exhibiting inhibitory activity are: L-S- (L-Ala-D-iso-Gln- 
L-Lys-D-Ala-OH) , L-S- (L-Lys-D-Ala-D-Ala-OH) andL-S-(Gly- 
D-iso-Gln-L-Lys-D-Ala-D-Ala-OH) , 

Doubtless, other embodiments of the present 
invention will be apparent to those of ordinary skill in 
the art. Such embodiments, while not specifically 
described herein, nevertheless fall within the scope and 
spirit of the invention, which is not limited by the 
specific embodiments described but only by the following 
claims. 
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WHAT IS CXAIHED 13 1 

l.A solid phase lipoglycopeptide library comprising 
a plurality of distinct substances of the formula 




in which the group R comprises a solid support, the 
group P comprises one or more amino acids, peptides, or 
polypeptides, the group S comprises one or more sugars 
and the group L comprises one or more lipids. 

2. The library of claim 1 in which more than one 
copy of each distinct substance is present. 

3. The library of claim 1 in which at least one 
member of each group of the formula is covalently 
attached to at least one member of an adjacent group. 

4. The library of claim 3 in which the same sugar 
of the group S is covalently attached to at least one 
member of the group P and to at least one member of the 
group L. 

5. The library of claim 3 in which at least one 
sugar of the group S is covalently attached to a lipid 
of the group L through a covalent bond comprising a 
glycosidic bond. 

6. The library of claim 3 in which at least one 
sugar of the group S is covalently attached to a lipid 
of the group L through an anomeric alpha -hydroxy 
acetamide bond. 
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7. The library of claim 4 in which at least one 
sugar of the group S is covalently attached to a member 
of the group P through a C-3 hydroxy alpha-acetamido or 
alpha-propionamido moiety. 

8, The library of claim 3 in which the covalent 
attachment is made through a linker. 

9 -The library of claim 4 in which the linker is 
labile. 

10. The library of claim 4 in which the linker is 
acid labile or photolabile. 

11. The library of claim 4 in which at least one 
member of the group P is bound to the resin by a 
halotrityl moiety. 

12. The library of claim 11 in which the halotrityl 
moiety is a chlorotrityl moiety. 

13. The library of claim 4 in which at least one 
member of the group P is bound to the resin by an 
alpha -bromo-alpha-methylphenacyl moiety. 

14. The library of claim 3 in which the covalent 
attachment conprises one or more amine, ether, 
thioether, ester, thioester, amide, acetamide, 
phosphate, phosphonate, phosphinate, or sulfate bonds. 

15. The library of claim 14 in which the covalent 
attachment comprises one or more glycosidic bonds . 

16. The library of claim 1 in which the solid 
support is comprised of an insoluble polymer, metal, or 
glass surface. 
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17. The library of claim 1 in which the amino acid, 
peptide, or polypeptide is comprised exclusively or 
predominantly of hydrophilic amino acid residues. 

18. The library of claim 1 in which the amino acid, 
peptide, or polypeptide is comprised exclusively or 
predominantly of hydrophobic amino acid residues. 

19. The library of claim l in which the sugar may 
be a monosaccharide, disaccharide, or polysaccharide. 

20. The library of claim 19 in which the 
monosaccharide is comprised of a hexose, pentose, deoxy 
analog thereof, dideoxy analog thereof, azido- 
substituted analog thereof, or amino -substituted analog 
thereof . 

21. The library of claim 19 in which the 
disaccharide or polysaccharide is comprised of hexoses, 
pentoses, deoxy analogs thereof, dideoxy analogs 
thereof, azido-substituted analogs thereof, amino- 
substituted analogs thereof, or combinations thereof. 

22. The library of claim 1 in which the lipid is 
conqprised of a saturated, unsaturated, or 
polyunsaturated linear, branched or cyclic aliphatic 
group con?>rising 2-60 carbon atoms. 

23. A method of preparing a solid phase 
lipoglycopeptide library having a plurality of distinct 
substances of the formula 




comprising: 
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(a) providing one or more groups R, P and FGj of 
the formula 

in which R conprises a solid support to which is bound 
the group P conprising one or more amino acids, 
peptides, or polypeptides, at least one member of the 
group P bearing the first functional group FG^ capable 
of participating in a bond- forming reaction; 

(b) providing one or more groups S, L and FG^ of 
the formula 




in which S comprises one or more sugars to at least one 
of which is bound a group L comprising one or more 
lipids, at least one sugar of the group S bearing the 
second functional group FGj capable of participating in 
the bond- forming reaction; 

(c) combining the one or more groups R, P and FG^ 
and the one or more groups S, L and FGj such that the 
bond- forming reaction takes place to form a bond 
between that member of the group P, which bore the 
first functional group FCj, to that sugar of the group 
S, which bore the second functional group FG,. 

24. The method of claim 23 which further comprises 
soaking the solid support in an organic solvent prior 
to the combination step. 

25. The method of claim 23 which further comprises 
removing any protecting group present on the first 
functional group FGj prior to the condaination step* 
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26. The method of claim 23 in which the combination 
step includes providing an activating agent to 
facilitate the bond- forming reaction. 

27. The method of claim 23 removing any protecting 
groups present on groups P, S, or L. 

28. The method of claim 23 which further comprises 
screening the resulting lipoglycopeptide library for 
one or more active substances. 

29. The method of claim 23 which further comprises 
cleaving the group P from the group R. 

30. The method of claim 29 which further comprises 
recovering one or more substances released from the 
group R. * 

31. A method of preparing a solid phase 
lipoglycopeptide library having a plurality of distinct 
substances of the formula 




comprising: 

(a) providing one or more groups R, P and FG^ of 
the formula 

in which R comprises a solid support to which is bound 
the group P comprising one or more amino acids, 
peptides, or polypeptides, at least one member of the 
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group P bearing the first fvinctional group FGi capable 
of participating in an initial bond-f ortning reaction; 

(b) providing one or more groups S, PGj and FGj of 
the formula 



in which S comprises one or more sugars « at least one 
sugar of the group S bearing the second functional 
group FG2 capable of participating in the initial bond- 
forming reaction and the same or another sugar of the 
group S bearing the third functional group FG3 capable 
of participating in a subsequent bond- forming reaction; 

(c) combining the one or more groups R, P and FG^ 
and the one or more groups fe, FGj and FG3 such that the 
initial bond- forming reaction takes place to form a 
bond between that member of the group P, which bore the 
first functional group FGj, to that sugar of the group 
S, which bore the second functional group FG2 to 
provide one or more initial bond- forming reaction 
products; 

(c) providing one or more groups L and FG4 of the 
formula 



in which the group L comprises one or more lipids, at 
least one lipid of the group L bearing the fourth 
Janctional group FG, capable of participating in the 
subsequent bond- forming reaction; 

(d) combining the one or more initial bond- forming 
reaction products and the one or more groups L and FG, 
such that the siibsequent bond- forming reaction takes 
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place to form a bond between that member of the group 
S, which bore the third functional group PGj, to that 
lipid of the group L, which bore the fourth functional 
group PG4. 



32. The method of claim 31 in which the one or more 
groups S, L and FG, are combined with the one or more 
groups R, P and FG, at room temperature in a solvent in 
the presence of an activating agent. 

33. The method of claim 31 in which FG, comprises a 
pentafluorophenyl ester. 

34. The method of claim 31 in which the activating 
agent coirprises EEDQ, HATU, HBTU, or PyBOP. 

35. The method of claim 31 in which FG, comprises a 
carboxylic acid and FG, comprises an amine. 

3 6. The method of claim 31 in which FG^ is located 
on the side chain of a member of the group P. 

37 . A composition of the formula 

which is obtained from a substance of the formula 



R M p M s 




by cleaving the group P from the group R. in which the 
group R comprises a solid support, the group p 
comprises one or more amino acids, peptides, or 
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polypeptides, the group S comprises one or more sugars 
and the group L comprises one or more lipids. 

38. A synthetic composition of the formula 




in which the group P comprises one or more amino acids, 
peptides, or polypeptides, the group S comprises one or 
more sugars and the group L comprises one or more 
lipids. 

3 9. The composition of claim 38 in which P 
comprises two or more amino acids in sequence. 

40. The composition of claim 39 in which P 
comprises one or more peptides or polypeptides. 

41. The composition of claim 40 in which each 
peptide or polypeptide comprises three or more amino 
acids in sequence. 

42. The composition of claim 38 in which the lipid 
is comprised of a saturated, unsaturated, or 
polyunsaturated linear, branched or cyclic aliphatic 
group comprising 2-60 carbon atoms. ~ 

43. The composition of claim 38 in which the lipid 
is comprised of a saturated, unsaturated, or 
polyunsaturated linear, branched or cyclic aliphatic 
group comprising 4-50 carbon atoms. 

44. The composition of claim 38 in which the lipid 
is comprised of a saturated, unsaturated, or 



wo 97/34623 



PCT/US97/04637 



110 

polyunsaturated linear, branched or cyclic aliphatic 
group comprising 10-30 carbon atoms. 

45. The composition of claim 38 in which the lipid 
is comprised of substituted or unsubstituted aromatic 
or heteroaromatic groups. 

46 •The composition of claim 38 which is 
synthesized by a combinatorial approach. 

47 -The composition of claim 38 which does not 
correspond with the structure of a naturally occurring 
lipid linked glycopeptide intermediate. 

48. The composition of claim 38 in which the group 
h, if comprising a single lipid, does not include an 
undecaprenyl group. * 

49. The composition of claim 38 in which at least 
one sugar of the group S is covalently attached to at 
least one lipid of the group L. 

50. The composition of claim 48 in which the 
covalent attachment comprises a glycosidic ether bond, 
phosphate , pyrophosphate , phosphinyl , phosphanyl , 
phosphonat e , phosphonyl , phosphono , phosphino , 
phosphanoacetate , phosphonyl formate, phosphoramidyl 
phosphorothioat e , phosphony Isul f onat e , or 
phonphonylsulf onate bond. 
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51. A compound of the formula: 




(X7g5)2 



(XlGl)m 



(G4x6)w 




(X2G2)n 



(X3p1)q 



(X4l1)u 



y 



in which 

comprises a lipid group; 

comprises one or more amino acids, peptides or 
polypeptides ; 

G^, G^, G', G*, or G* can each independently be a 
substituted or unsubstituted, branched or unbranched 
alkyl, alkoxy, alkenyl, C1-C8 acyl, acetyl, 
alkoxycarbonyl , hydroxyalkyl , carboxyalkyl group or a 
substituted or unsubstituted aromatic or heteroaromatic 
group, or hydrogen; 

XS X* or X^ can each independently be a 
functional group comprising an oxyalkyl, amine, ether, 
thioether, ester, thioester, amide, acyl, acetamido, 
phosphate, phosphinate, pyrophosphate, sulfate, azido, 
hydroxy group or hydrogen, provided that if the 
functional group is azido, hydroxy, or hydrogen the 
attached G group is not present; 

X^ or X* can each independently be a functional 
group comprising an amine, ether, thioether, ester, 
thioester, amide, acet amide, acyl, phosphate, 
phosphinate, pyrophosphate, sulfate group; 



wo 97/34623 



PCTAJSy7/04d37 



112 

y is 0, 1, 2, or 3; 

m, n, V, w, or z can independently be 0, 1, 2, or 
3 provided that the sum of m and n is not greater than 
3 or the sum of v , w and z is not greater than 5; 

q or u can independently be 1, 2, or 3 provided 
that the sum of q and u is not greater than 5; 

provided that the compound is not 2 -N- Acetyl -l-a- 
0-allyl -4,6-0- isopropylidenemuramyl - L-alanyl -D- 
glutamine benzylester; (2R) -Benzyl 2- [N- (2' -N- Acetyl- 
1' -a-O-allyl-4' , 6' -0-acetylmurarayl-L-alanyl) amino] -4- 
cyanobutanoate; (2R) Benzyl 2-N-Acetyl-l' -a-O-allyl- 
4 , 6-0-isopropylidenemuramyl-L-alanyl) amino] -4- 
cyanobutanoate; {2R,2' 'R) -Benzyl 2- [N- [2' -N-Acetyl-1' * 
a-0- [ (N,N-diisopropylamino) <butoxy)phosphinyll -4' , 6' - 
di-O-acetylmuramyl-L-alanyl] amino] -4 -cyanobutanoate; 
( 2R , 2 " R) -Benzyl 2 - [N- [ 2 ' -N- Acetyl - 1 ' -a- O- t [2 " - 
carbobenzoxy-2' ' - 

(pentyloxy) ethoxy] (benzyloxy)phosphoryl] -4' , 6' -di-O- 
acetylmuramyl-L-alanyl] amino) -4 -cyanobutanoate; (2R, 
2"R) -2- [N- (2' -N-Acetyl-l' -a-O- [ [2' ' -carboxy-2" - 

(pentyloxy) ethoxy] hydroxyphosphoryl] muramyl -L-alanyl ] - 
amino] -4 -cyanobutanoate; or the natural siabstrate for 
either the transglycosylase activity of penicillin 
binding proteins or the N-acetylglucosaminyl 
transferase activity of the murG gene product. 

52. The compound of claim 51 in which X^GV or X^G^ 
can be located on position 2 or 5, X^P^ is located on 
position 3, and X*L^ is located on position 1 of the 
ring. 

53. The compound of claim 51 in which X*G\ X*G\ 
X*G\ or Y?G^ can be a hydroxyl, HOCHjCHj-, acetamide, 
phthalimido, benzoyl , alkoxybenzoyl , 

alkoxycarbonylal)cyl, carboxyalkyl , or pivaloyl group. 
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54. The composition of claim 51 in which 
comprises one or more peptides or polypeptides. 

55. The composition of claim 54 in which each 
peptide or polypeptide comprises three or more amino 
acids in sequence. 

56. The composition of claim 51 in which is 
comprised of a saturated, unsaturated, or 
polyunsaturated linear, branched or cyclic aliphatic 
group comprising 4-30 carbon atoms. 

57. The composition of claim 51 in which is 
comprised of substituted or unsubstituted aromatic or 
heteroaromatic groups. 

58. The composition of claim 51 in which the 
covalent attachment of X* comprises a glycosidic ether 
bond, phosphate, pyrophosphate, phosphinyl, phosphanyl, 
phosphonate , phosphonyl , phosphono , phosphino , 
phosphanoacetate, phosphonyl formate, phosphor ami dyl 
phosphorothioate , phosphonylsulfonate, or 
phonphonyl sulfonate bond. 
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Figure 2 
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